ARCHIVES OF PATHOLOGY 


Vo_uME 19 JUNE 1935 NuMBER 6 


EXPERIMENTAL STUDIES ON HUMAN AND PRIMATE 
SPECIES OF STRONGYLOIDES 


IV. THE PATHOLOGY OF STRONGYLOIDES INFECTION 


ERNEST CARROLL FAUST, Pu.D. 
NEW ORLEANS 


When Normand? studied necropsy sections made in his cases of 
Cochin-China diarrhea, he came to the conclusion that the parasitic 
mother Strongyloides stercoralis, which he found in the crypts of the 
intestinal wall, produced sufficient damage to the intestinal tissues to 
explain the occurrence of exhaustive diarrhea. Shortly afterward 
Grassi * announced that he regarded the organism as an innocent com- 
mensal associate. After careful histologic study Golgi and Monti * con- 
cluded (page 105) that they could not exclude the pathogenicity of 
the parasite because of the definite irritation produced by it on the 
epithelium of Lieberkiihn’s crypts, the alteration of the outer portion 
of the crypts, the tumefaction of the solitary follicles, the diffuse infil- 
tration of leukocytes through the muscularis mucosae into the vicinity 
of the crypts, and the accelerated nuclear activity around the sites where 
the parasites had deposited eggs. Askanazy,* studying fresh autopsy 
sections of the human small intestine, made several important contribu- 
tions to the problem. He found the worms not only at all levels of 
the mucosa, from the tips of the villi down to the base of the crypts, 
but also penetrating through the epithelial wall into the stroma and 
even to the tunica propria. Here the epithelium appeared at times to 
be enveloping each worm in a capsule. The muscularis mucosae was 
believed to serve as a barrier against their encroachment on the under- 
lying layers, although Askanazy reported that Leichtenstern had 
observed the worms in the submucosa. Mcreover, Askanazy presented 
evidence to show that in the stroma the mother worms and their progeny 
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utilize chyle as food, although there was no indication that they ingest 
blood. He expressed the belief that from time to time the mother 
worms leave the tissues at one site and invade another, citing as proof 
the absence of tissue-locked degenerating worms and the numerous 
empty tunnels in the epithelium. It is while they are resident in the 
tissular tunnels that the parasites deposit their eggs. 

Von Kurlow ° and Gage ® in human necropsy material and Blacklock 
and Adler? in material from a chimpanzee reported evidences of high 
grade infections, in which numerous adult worms or larvae were present 
in the subcutaneous and muscular coats of the intestinal wall. In a 
study of strongyloidiasis in the monkey, Hung See-Lii and Hoppli * 
were able to confirm the observations of Askanazy and in part those of 
von Kurlow and Blacklock and Adler. They found that the worms 
penetrate the epithelium and crypts in order to lay their eggs, that 
the jejunum is the most common site of their development and that 
the muscularis mucosae offers a considerable obstacle to their deeper 
penetration. Although the base of the epithelium is deeply inflamed 
in a radiating fashion, there is no local eosinophilia. 

In sections from two human cases Oudendal ® made a careful analysis 
of the deposition and development of the eggs. He expressed the belief 
that the mother worm lives in the fundus of a gland, either lying entirely 
in the lumen of the gland or at times penetrating through the stroma 
to emerge into the lumen of another gland. During movements the 
worm deposits eggs, which are usually observed in distinct compartments 
and separated by threads, which consist of atrophied epithelial cells. 
As the eggs embryonate, the fundus of the gland enlarges and the 
epithelial covering becomes compressed. After hatching the larvae 
migrate actively out of their compartments, tearing the adjacent tissues, 
but without evidence of micro-organismal invasion. On leaving their 
tunnels they molt. Eventually they reach the fundus of the gland 
and escape into the intestinal lumen. The unhatched eggs, because of 
their deposition into the tissues, are rarely recovered from the feces. 
In summarizing the observations of previous workers in the field and 
comparing them with his own autopsy material Ophiils '° subscribed 
to the general trend of opinion, but stated that he was unable to find 
any evidence in his own sections of the actual penetration of the worms 


into the interglandular stroma. 
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Among other lines of approach to the intensive study of strongy- 
loidiasis in the experimental animal made by my associates and me 
it has been recognized from the first that the histopathologic picture 
was important in providing evidence regarding the host-parasite rela- 
tionship of Strongyloides. In each of our experimental studies, therefore, 
material and data have been carefully reserved for a separate contribu- 
tion to the subject. It is felt that the observations which are to be 
described are significant (1) because the great majority of the strains 
of the organism utilized were of human origin; (2) because they had 
been carefully studied in vitro as to type and mode of development 
before studies in vivo were undertaken; (3) because detailed histories 
were kept of each animal before and during the experiment ; (4) because, 
in most cases, the animal was killed or autopsy was performed imme- 
diately after death, at which time a detailed study ‘was made of the 
thoracic and abdominal viscera with especial reference to the infection, 
and (5) because the series of infected animals available for microscopic 
examination and histologic study was much larger than that in any 
previous similar study on Strongyloides. 


MATERIAL AND TECHNIC 


This study is based on strongyloidiasis in the dog. In the vicinity of New 
Orleans, where the investigation has been carried on, as well as in other regions 
of the world, the dog has occasionally been found to be naturally infected with a 
type of Strongyloides which is morphologically indistinguishable from the human 
species. Our observations, however, have been confined to experimentally infected 
dogs, sixty-two of which were utilized in the present study. Of this number, 
forty-four were inoculated with human strains of the parasite, derived from 
fourteen clinical cases, and eighteen were inoculated with simian strains. In 
the case of the human strains employed, twenty-four animals were inoculated with 
filariform larvae derived directly from the patients, while twenty were inoculated 
with material after passage through one or more canine hosts. The strains at 
the time of inoculation consisted of twenty-six of the direct type, eight of the 
indirect type, seven of mixed direct and indirect types and three of the hyperin- 
fective type. The simian material consisted of one chimpanzee strain (indistin- 
guishable morphologically and physiologically from the human strains), used in 
fifteen dogs; an Ateles geoffroyi strain (morphologically and physiologically dis- 
tinct), used in two dogs, and a Pithecus rhesus strain (also distinct), used in 
one dog. Four animals were inoculated with material direct from the chimpanzee ; 
the remainder were inoculated after passage of the parasite through one or more 
experimental hosts, including a human volunteer. The Ateles and rhesus strains 
were inoculated from material obtained directly from the original host. The 
methods of inoculation varied: forty-four animals were inoculated by placing the 
infective larvae on the abdominal skin near the groin, where there is practically 
no growth of hair; twelve were inoculated through the oral mucosa and in six 
the inoculum was introduced into the colon. 

All dogs which were utilized in this series were observed for a week or more 
previous to inoculation. On admission to the animal house they were as a routine 
dipped in a cresol-sulphur bath to remove ectoparasites and were then devocalized 
and given a 1 cc. globule of tetra-chlorethylene to expel hookworms and Toxocara 
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canis. If the hookworms were not completely removed by one course of treat- 
ment a second was given before the animal was utilized experimentally. From 
the moment of inoculation the clinical history of the dog was carefully followed, 
and daily examinations of the feces were made. Autopsies were performed on 
all animals in the series. Thirty-seven of the animals were killed at appropriate 
times, varying from three days to nine months after inoculation, and twenty-five 
died of strongyloidiasis or some intercurrent disease. Of the animals killed 
seventeen were utilized for complete counts of the worms (Faust, Wells, Adams 
and Beach!) and were therefore not available for histologic study. Twenty-one 
dogs in the series were found at autopsy to be either noninfected or so lightly 
infected, as indicated by careful scrapings and samplings of the various viscera, 
that preservation of the tissues was not deemed desirable or necessary. In five 
of the dogs that died overnight, postmortem changes had developed so that either 
the tissues were not preserved or the sections, when cut, were useless. There 
remained nineteen animals, on which autopsies were performed after they were 
killed or immediately (i. e., within one hour) after death, which were available 
for a detailed histologic examination. Eleven of these dogs had been inoculated 
with human strains and eight with the chimpanzee strain. 


PRESENTATION OF DATA 


PORTAL OF INFECTION, ROUTE OF MIGRATION AND SITE OF LOCATION 
OF STRONGYLOIDES IN THE DOG 


Although the infective (i.e., filariform) larvae of Strongyloides 
will penetrate either the skin or the mucous membranes of a susceptible 
host with equal readiness, the most common natural portal of entry is 
the skin. On contact with this layer for as short a period as five or 
ten minutes, some of the larvae will effect an entry through either the 
hair follicles or the unmodified epidermis. On reaching the peripheral 
capillary network of the blood stream and lymph channels, some of 
the larvae are successful in penetrating immediately into the venules 
or lymphatic glands ; others remain for some time in the corium. Appar- 
ently a large portion of those larvae which enter the skin remain there 
and eventually die (Faust and Kagy,'? Faust’*). Once within the 
venous circulation, however; the larvae are passively carried through 
the heart to the lungs, where they collect in the pulmonary arterioles 
and capillaries and in a few hours break through into the alveoli. They 
gradually migrate into the bronchioles and bronchi, many of them 
meanwhile transforming into postfilariform, preadolescent and adolescent 
worms. The sexes can be distinguished first in the preadolescent 
stage.** Those which become males metamorphose into shorter forms 
with a rhabditiform esophagus; the females remain filariform. Once 
within the bronchi the majority of the young worms are carried up to 


the trachea, over the glottis and down into the digestive tract. At times 
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considerable numbers remain in the tissues of the lungs, where they 
develop into adult worms and the females produce progeny. Those 
which reach the stomach ordinarily pass through to the upper levels 
of the small intestine, where the females burrow into the mucosa, mature 
and shed their eggs. There is no evidence that the males ever invade 
tissues.'* If the parasitic males at times fertilize the females, as seems 
probable, coitus must take place before the females enter the tissues 
(i. e., in the adolescent stage). The eggs hatch in the epithelial tissues, 
and the rhabditiform larvae escape into the lumens of the organs para- 
sitized (intestine or lungs) and eventually escape in the feces. In cer- 
tain cases the rhabditiform larvae, en transit down the lumen of the 
bowel, are transformed into filariform larvae, which are able to penetrate 
the mucosa of the large intestine and by an internal circuit may estab- 
lish a superimposed infection. These strains are referred to as being 
hyperinfective or autoinfective, and their existence has been established 
both by experimental and by clinical evidence. They are probably 
responsible for prolonged chronic strongyloidiasis in patients who have 
long resided outside of endemic regions. 


LESIONS PRODUCED BY STRONGYLOIDES 


Cutaneous Lesions.—As in hookworm, so in Strongyloides infection, 
erythema sometimes develops at or near the site where the filariform 
larvae penetrate the layers of skin (Fiulleborn,’* page 43). This type 
of lesion was frequently observed in the present series but did not neces- 
sarily result from the application of the larvae to the skin. It was 
produced as readily by larvae in an inoculum essentially free from 
bacteria and débris as by larvae in an inoculum that was frankly con- 
taminated. It usually reached its maximum development in from four 
to twelve hours after contact of the larvae with the skin and then 
gradually subsided. 

Our most careful observation was made on the human volunteer 
inoculated with the chimpanzee strain. In this case about five minutes 
after 500 triply-washed F, larvae had been placed in a few drops of 
water within a circle with a diameter of 25 mm. circumscribed with a 
ring of petrolatum, on the inner aspect of the forearm, a delicate 
prickling sensation was experienced, comparable to that produced by 
a pin or needle used to determine the location of nerve endings. This 
sensation continued for fifteen minutes and then gradually decreased 
in intensity. After thirty minutes the site of application of the inocu- 
lum was blotted dry, at which time there was observed a definite ery- 
thema, which was particularly well marked around the outside of the 
inoculated area, where natural drying of the inoculum had already 
begun. Within a few minutes there was experienced an intense pruritus 
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which continued for half an hour. Meanwhile several irregular swollen 
blotches had developed within the circumscribed area. Exactly eighty 
minutes after the application of the larvae to the skin a ( 12) hand 
lens revealed the presence of from one to several petechiae within each 
blotch. Meanwhile more blotches developed and within each blotch 
one or more petechiae. Two hours later the injection and swelling 
began to subside, and they practically disappeared within the next two 
days, but for five days subsequently brisk rubbing of the site with 
a towel provoked a distinct area of edema, with a light center and 
reddened periphery, accompanied by an intense itching. Interpreted in 
the light of parallel experiments on inoculations with hookworm, the 
irritation produced by the rubbing of the site of inoculation after the dis- 
appearance of the original erythema was due to the presence of some 
of the living larvae in the cutaneous tissues after the majority had 
effected entry into the blood vessels and had passed on to the lungs, 
or had already been locally phagocytosed. After a week this delayed 
reaction was no longer found. From the fourth to the eighth day 
after inoculation there was both subjective and objective evidence of 
slight pulmonary involvement, presumably due to the passage of the 
organisms through the lungs. On the twenty-eighth day larvae were 
first recovered from the stools, indicating that fecund females had 
become established in the intestinal wall. After two months of con- 
tinuous observation and study, the infection was terminated by chemo- 
therapeutic measures. 

In some of the inoculated dogs there was never any cutaneous reac- 
tion; in others it was distinct and continued for from twenty-four to 
thirty hours. The histories of these animals fail to show any correla- 
tion, on the one hand, between the degree of the reaction and the 
number of larvae utilized in the experiment and, on the other hand, 
between the degree of the reaction and the number of worms which 
eventually became established as adults in the tissues. In fourteen of 
the forty-four dogs inoculated by the abdominal cutaneous route, definite 
evidence of erythema at the site of inoculation was observed within 
twenty-four hours. With the use of approximately equal numbers of 
larvae of the same strain (for example, human strains A and F, the 
chimpanzee strain and the Ateles strain), at times the reaction developed 
rapidly (within two hours) and was marked; at other times it was 
slow to develop and diffuse; again, there was no evidence whatever 
of any cutaneous irritation. In all of these instances, except in the 
case of the dogs inoculated with the Ateles strain, intestinal infections 
were established. In no instance was creeping eruption observed. 

Looss ** described the usual method by which filariform larvae of 


the hookworm penetrate through the layers of skin. Both the crevices 
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formed by the scaling of the corneum and the narrow spaces between 
the hairs and their follicular pockets serve as places of attachment for 
the larvae, so that they may penetrate mechanically into the epidermis 
and later into the corium. Stumberg*® stated that the usual cellular 
reaction to this invasion of hookworm larvae is the proliferation of 
fibrocytes around the path of invasion. There is a leukocytic reaction 
associated with the presence of the worms only in the event of death of 
the larvae. The reaction of the skin to invading hookworm and Strongy- 
loides larvae was briefly considered by Filleborn*’ and discussed in 
detail by Hoeppli..* Both of these investigators presented the same 
picture of the response of the tissues to filariform larvae of these two 
groups of nematodes. In animals covered with hair a follicle is the 
common site of the larva’s entrance; in skin free from hair the crevices 
under the scales of the corneum serve equally well. Heavy inoculation 
results in grave destruction of the skin, accompanied by hemorrhage. 
exudation and superficial swelling with scabby excrescences. Micro- 
scopic examination shows that the epithelium is almost completely want- 
ing and that in its place there is a thick fibrinous coat in which organiza- 
tion has commenced. Many polymorphonuclear leukocytes are to be seen 
in the organizing masses, but eosinophils are not present. In the corium 
and subcutaneous tissue there are islands of infiltrated cells consisting 
of abundant fibroblasts, a few epithelioid cells and numerous polymorpho- 
nuclear leukocytes, usually with eosinophilic granules. Here and there 
are small isolated nests of eosinophils. In the Strongyloides material 
the greatest amount of infiltration occurs at the boundary between the 
subcutaneous tissue and the muscular layer, where usually a roundly 
circumscribed mass of epithelioid and eosinophilic cells surrounds the 
larvae. Occasionally the muscular layer is invaded, but on the whole 
it constitutes a relatively strong barricade to deeper penetration. In 
contrast to heavy inoculations a small number of larvae usually produce 
no recognizable macroscopic picture. 

In the present series the numbers of infective larvae utilized were 
presumably much smaller (from 100 to 5,000, except in one case, in 
which 14,000 larvae were employed) than those referred to by Hoeppli ** 
as a “rich infection” of Ancylostoma or Strongyloides. In no case was 
there any manifest destruction of epithelium, marked hemorrhage or 
exudation, or a need for the production of organization tissue. Never- 
theless, in some animals there was a distinctly elevated, erythematous 
patch with numerous petechiae. In other instances there was a diffuse 
erythema with no appreciable elevation. Microscopically the sections 
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from these areas revealed little destruction of the epidermis, although 
larvae were found in successive stages of invasion through this layer 
into the corium. Superficial leukocytic infiltration was present in only 
one animal, in which the development of multiple pustules all over the 
site of inoculation strongly suggested gross bacterial contamination from 
the inoculum. No eosinophils were detected in these sections. The 
mechanical destruction of the tissues by the invading larvae was being 
offset by the production of abundant fibroblasts, in the manner described 
by Stumberg ** in invasion by hookworm. Polymorphonuclear leuko- 
cytes were found in abundance only around dead larvae. There was 
no evidence that the larvae had penetrated beyond the outer portion of 
the subcutaneous layer. It is believed, moreover, that this picture more 
nearly parallels the cutaneous reaction to Strongyloides larvae in nature 
than one in which tremendous numbers of larvae are placed on a cir- 
cumscribed area of a susceptible experimental host. 


As Stumberg ** has demonstrated for the hookworm, so it has been 
found in the present investigations on Strongyloides (Faust and Kagy,’* 
Faust, Wells, Adams and Beach,'' Faust **), that the layers of skin filter 
out large numbers of filariform larvae and prevent their migration to 
the lungs. Such larvae sooner or later succumb and are destroyed by 
leukocytes. Although no arbitrary line can be drawn, the evidence 
favors the view that greater cutaneous filtration occurs in the case of 
physiologically unadapted strains (or species) of the parasite. Thus, 
on the basis of our observations, human and chimpanzee strains of 
Strongyloides had equal chances of establishing themselves as adult 
parasites in the tissues of the dog, while the Ateles strain, which invaded 
the dog’s skin with similar ease, consistently failed to develop to the 
adult stage in the intestinal wall. 


Lesions in the Buccal Mucosa.—In a previous communication (Faust, 
Wells, Adams and Beach **) as well as in an earlier section of the pres- 
ent paper, the statement has been made on the basis of direct observa- 
tions that adult parasitic Strongyloides stercoralis in the dog may be 
established as readily when the larvae are placed in the mouth of the 
experimental host as when they are applied to the abdominal skin. Of 
the twelve animals which were submitted to the oral mode of inoculation 
none showed any evidence of erythema, hemorrhage, swelling, tender- 
ness or irritation of the buccal mucosa within twenty-four hours after 
the inoculum had been carefully spread under the tongue and over the 
surface of the buccal cavity. Only after the larvae had passed through 
the lungs and were en route up the trachea and over the glottis was 
there at times evidence of stomatic irritation. 


Pulmonary Lesions.—Proof that filariform Strongyloides larvae, like 
those of the hookworm, after penetrating through the skin or mucous 
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membranes of the body of necessity pass through the lungs was estab- 
lished by Looss '® and was verified by Filleborn.'* It has been believed 
or assumed that the lungs serve the same function in the development 
of Strongyloides larvae that they do in Ascaris infection. Fiilleborn ** 
has likened this service of the respiratory organs to incubation in an 
intermediate host, whereas the intestinal mucosa constitutes the defini- 
tive host tissue. While this hypothesis is fundamentally sound, it fails 
to provide an adequate explanation for the continuous appearance of 
filariform larvae in the sputum of human patients (Gage, Shimura and 
Ogata,’ Froes or for Filleborn’s own observations 
page 35) of adult parasitic females of Strongyloides and their progeny 
in the trachea of some of his experimentaliy infected dogs, as well as 
rhabditiform larvae in the tracheal mucus of a human being at autopsy. 
The exact meaning of Filleborn’s phrase Ansiedlung in der Trachea 
is possibly subject to a difference of opinion, although Sandground *! 
interpreted it as meaning “established in the tracheal mucosa.” Autoin- 
fection (i. e., hyperinfection) may be responsible for the finding of 
filariform larvae in the sputum of some of the human patients but in 
experimental dogs there is definite proof that many of the filariform 
larvae, once arrived in the tissues of the lungs, metamorphose within 
this organ into postfilariform, preadolescent and adolescent worms, that 
some of them at times mature in this location and that the adult females 
there produce viable progeny (Faust '*). There was even one instance, 
discovered in this earlier phase of our investigation, in scrapings of 
the tissue of the lung at autopsy, of a filariform larva found within a 
rhabditiform molt, which was interpreted as indicating the presence 
of the metamorphosed progeny of a mature female Strongyloides estab- 
lished in the tissues of the lung. 

The pulmonary phase of the present study is concerned not so much 
with the usual course of migration of the filariform larvae of Strongy- 
loides through the lungs as with the brief sojourn of the great majority 
and the longer residence of a portion of these larvae in the respiratory 
tissues, together with the reaction of the host tissue. Gross autopsy 
observations on our animals, checked by microscopic examination of 
sections, demonstrated that the larvae arrive via the pulmonary arteries 
and pass through the arteries into the capillary network, which is inti- 
mately associated with the alveoli (fig. 1). Almost immediately on 
arrival in the capillaries these larvae break through into the alveoli 
and pass into the air sacs. At each site of perforation of the respiratory 
epithelium petechial or more profuse hemorrhage results, which at 


19. Shimura, S., and Ogata, T.: Tokyo Iji Shinshi, no, 2197, 1920; reviewed, 
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| 
| 
i 
a 
‘ 


> 
<4 


Fig. 1—Section of left lung of an experimental host twenty-four hours after 
percutaneous inoculation, showing an alveolus with the adjacent capillary network. 
Two fragments of a filariform Strongyloides larva (indicated by arrows and 
slightly out of focus) lie in a congested capillary next to the epithelial lining of 
the alveolus. Magnification, « 600. 


Fig. 2.—Section of a terminal bronchiole six days after inoculation of the host, 
showing desquamated epithelial cells in the lumen shortly after invasion by filari- 
form Strongyloides larvae. No bacteria developed in cultures of this tissue. Mag- 
nification, 250. 
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times may flood the chambers of an entire lobule. More often, how- 
ever, the hemorrhage is less severe and only a small amount of blood 
escapes into the air sacs. In these terminal respiratory chambers the 
presence of the larvae almost invariably provokes a cellular reaction, 
consisting at first of the exfoliation of individual epithelial cells from 
the alveoli and air sacs, followed almost immediately by the invasion of 
polymorphonuclear leukocytes and monocytes (fig. 2). For a period 
of from one to several days the larvae remain in these locations, actively 
feeding on the mucus, free epithelial cells and white blood cells (fig. 3). 
During this period they increase in size and, unless carried upward 
through the bronchi and trachea by the ciliated action of the larger 
respiratory passages, metamorphose into preadolescent and adolescent 
worms. Clinical observations during the migratory period, as well 
as postmortem data, indicate that the chances which the larvae have 
of remaining in the smaller respiratory passages and of growing and 
metamorphosing there are directly related to the number of leukocytes 
which invade these locations immediately after the larvae break through 
from the capillaries, and this, in turn, is dependent on the number of 
larvae which invade the alveoli. In other words, the heavier the inva- 
sion, the more likely are some of the larvae to become permanently 
situated in the respiratory passages as a result of blockage of the host 
cells. No doubt the cellular invasion of these respiratory tubules pre- 
vents adequate functioning of the ciliated epithelium and allows the 
larvae to remain in situ instead of being carried up to the glottis and 
down into the digestive tract. Furthermore, the irritation produced 
by the larvae in the respiratory tubules allows pathogenic bacteria to 
multiply there, to invade the epithelium and to produce first bronchial 
and perhaps later lobular pneumonitis, to which some of the animals 
soon succumb. 

While growth and metamorphosis of the larvae to the adolescent 
stage in the respiratory passages without invasion of the tissues can 
be demonstrated, it is hardly conceivable that the larvae can remain 
free indefinitely in these locations. Actually the more mature worms 
invade the bronchial (and probably tracheal) epithelium. In none of our 
sections was there any evidence that this invasion of tissue occurred 
in the more terminal passages ; it seemed to occur only at higher levels, 
where the epithelium had become palisade. Subsequent to the usual 
temporary sojourn of the larvae in the tissues of the lungs, deep scrap- 
ings of the epithelium have indicated that the terminal and subterminal 
bronchioles are free from larvae, while maturing or mature female 
worms, even with viable eggs, may be recovered from the larger, more 
proximal bronchi (fig. 4). There is, however, no evidence that inva- 
sion of the bronchial epithelium per se provokes a phagocytic infiltration. 

In our series of sixty-two dogs, eighteen (29 per cent) showed 
postmortem evidence of pulmonary strongyloidiasis, i.e., the presence 
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Fig. 3.—Diagrammatic sketch of a postfilariform larva (right) and a pre- 
adolescent female worm (left) from the lumen of a bronchiole of the lung from 
which was taken the section shown in figure 2. Note the cellular débris (pri- 
marily polymorphonuclear leukocytes) around the worm. Drawing by means ot 
a camera lucida; x 210. 


it 
te 
| 
+ 
> 


FAUST—STRONGYLOIDOSIS 781 


of adolescent or mature worms, with or without eggs, and larvae of 
the parasitic generation. Of this number seven (11.3 per cent) had 
a serious tissular involvement, accompanied clinically by marked respira- 
tory embarrassment ending in death. In the eleven remaining dogs 
(17.7 per cent) adult or adolescent female worms were usually present 
in the epithelial lining of the bronchi, and larvae were frequently found 
in the respiratory passages after the dogs had been killed. In the cases 
of grave involvement, all of the animals save one died of pneumonitis 
six, fourteen, fifteen, twenty-one, twenty-seven and fifty-one days, 
respectively, after inoculation. The dog that was killed came to autopsy 
on the twentieth day. The animals with incidental pulmonary infec- 


Fig. 4.—An adolescent female worm (Strongyloides) with the middle (vulvar) 
portion of its body lying at the base of the columnar epithelium of a small 
bronchus, twenty-seven days after inoculation. The anterior and posterior ends 
of the worm (in adjacent sections) are free in the lumen of the bronchus. Mag- 
nification, & 300. 


tions were all killed at periods ranging from eight days to six months 
after exposure. The group of infected animals studied at necropsy 
covered a sufficient range in time so that it was possible to visualize the 
sequence of events in the development of the pulmonary infection. 


From the animal killed and studied on the sixth day immature males 
and females were recovered in considerable numbers from the pul- 
monary alveoli and bronchioles, but none was recovered from the bronchi 
and trachea. Only two immature specimens were found in the intes- 
tinal tract (pyloric portion of the stomach). Bacterial cultures of 
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material from the left lung and right auricle were negative. There 
was evidence, however, of recent marked hemorrhage rather uniformly 
distributed throughout both lungs, and many neutrophilic leukocytes 
were present in the immediate vicinity of the worms (fig. 3). The 
evidence probably indicates that the larvae had fairly recently invaded 
the terminal air sacs from the capillaries, that their presence was stimu- 
lating a local leukocytosis and that a few had been carried up through 
the bronchi and trachea and down into the stomach, but that none had 
as yet invaded the bronchial epithelium. There was no evidence of 
bacterial involvement. The four dogs on which necropsies were per- 
formed on the fourteenth, fifteenth, twenty-first and twenty-seventh 
day, respectively, all showed essentially the following picture: No worms 
were present in the terminal respiratory passages, which were crowded 
with pus cells and bacteria; adolescent males and females and mature 
females were recovered in scrapings of the bronchial mucus, and mature 
or maturing females were found in sections of the bronchial epithelium ; 
likewise eggs, rhabditiform larvae and, in one instance (twenty-seventh 
day), filariform larvae were present in the midst of mucus and cellular 
débris adherent to the bronchial epithelium. Extensive consolidation 
of all portions of both lungs had taken place. Only light intestinal 
infections had been established. In the case of the dog which died 
on the fifty-first day, in addition to the picture of extensive pulmonary 
strongyloidiasis, due to the relatively long residence of the adult worms 
in these organs, a tremendous number of rhabditiform progeny had 
been produced. Some of these had apparently caused damage to the 
walls of smaller blood vessels nearby and had produced profuse hemor- 
rhage, so that practically all of the bronchial passages were filled with 
blood, while a considerable amount of blood had been swallowed by 
the host. In contrast to the large number of rhabditiform larvae in 
the tissues of the lungs, no filariform larvae were found. There was 
only moderate intestinal strongyloidiasis in this dog. 

The animals in which incidental pulmonary strongyloidiasis occurred 
showed no clinical evidence of this involvement and there were no 
extensive pulmonary lesions. The infections were discovered only after 
careful microscopic examination of smears, concentrates and sections. 
Some animals had heavy intestinal strongyloidiasis; others, moderate 
infections, and others, slight infections. In two instances no worms 
were discovered after a complete microscopic examination of the mucosa 
of the pyloric portion of the stomach, duodenum, jejunum and ileum, 
scraped off the intestinal wall and placed in thin films on microscopic 
slides. In four of these animals adult eggs producing female worms 
and larvae were discovered in isolated sites in the tissue of the lungs; 
in three, only rhabditiform larvae were found; in the remaining four 
neither adult females nor rhabditiform larvae were seen but numerous 
filariform and postfilariform larvae and preadolescent males and females 
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were identified in the respiratory passages. Since the four latter ani- 
mals had been subjected to infection for a period of from two to six 
months, it seems altogether unlikely that the immature worms were 
the residuum of the experimental exposure. More probably they 
resulted from an internal hyperinfection, which had originated only a 
short time previously in the intestine. Whether they would have estab- 
lished themselves permanently in the tissues of the lungs or would 
have been carried back to the intestinal tract is a matter for conjecture. 

By way of summary, it may be stated that a relatively high per- 
centage of the dogs in this experimental series (29 per cent) showed 
postmortem evidence of pulmonary strongyloidiasis. Seven (11.3 per 
cent) showed severe involvement ; in eleven (17.7 per cent) the infection 
was incidental or secondary. The pathologic picture usually followed 
a definite sequence as the filariform larvae entered the alveoli, grew 
in size, metamorphosed and migrated into the larger respiratory passages, 
either to bore into the columnar epithelium of the bronchi, settle down 
and produce progeny there or to be carried up and over into the diges- 
tive tract. Entering from the pulmonary capillaries into the alveoli 
the larvae produced petechial hemorrhages of a greater or less degree. 
During their sojourn in the distal respiratory pockets they provoked 
leukocytic invasion, which increased in amount and caused pulmonary 
embarrassment as well as prevented ready migration of the worms out 
of the air passages. Bacterial invasion frequently complicated the pic- 
ture. In certain cases in which strongyloidiasis had been active for 
several months the presence of filariform, postfilariform and preado- 
lescent worms in the respiratory passages suggested hyperinfection. In 
the more severe cases profound pneumonitis, due directly or indirectly 
to the worms en transit or established in the lungs, resulted in the 
death of the animal. 

Intestinal Lesions—The intestinal wall is the usual residence of 
the adult female parasitic Strongyloides. While adult parasitic males 
have been found in the lumen of the intestine and in a few instances 
unsubstantially attached to the wall (Faust '*), they apparently do not 
invade the tissues but probably fertilize the females in the adolescent 
stage before the latter migrate into the tissues. It is the females and 
their progeny, therefore, which are responsible for the lesions produced 
in the intestinal wall. In order to obtain an adequate background for 
considering this question, the following points must be borne in mind: 
(1) the number of viable larvae in the inoculum to which the animal 
is exposed and the possibility of the appreciable increase of the infec- 
tion due to subsequent exposure; (2) the stage of the infection at the 
time of examination, whether early or late; (3) the levels of the intes- 
tinal tract involved; (4) the possibility of hyperinfection, (5) the indi- 
vidual susceptibility of the host to the parasite, and (6) the depth and 
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degree of involvement of the tissues. These questions can be partially 
answered by a description of the average Strongyloides lesion in the 
intestinal wall of the dogs in our experimental series. 

The young female worms are primarily parasites of the mucosal 
layer of the intestinal wall. They usually arrive in the lumen of the 
stomach and duodenum about the eighth day after the host has been 
exposed to the infection. In only two members of the entire series was 
there any evidence that they invaded the mucosa of the cardiac or pyloric 
portion of the stomach. It is believed that the acid secretions of the 
stomach ordinarily prevent such invasion. All other levels of both the 
small and the large intestine, with the exception of the appendix, have 


Fig. 5.—Section of the upper duodenum (fifteen day infection) showing a 
mature female worm (Strongyloides) near the base of a gland. All but a small 
portion of the worm lies in the fundus of the gland. No acute local tissue reaction 
is indicated in the immediate vicinity of the worm. Magnification, « 67. 


been found to be suitable for their residence, although the great major- 
ity of the worms enter the duodenum and jejunum. The actual invasion 
on the part of the maturing female worm is probably a protective 
mechanism so as to escape being carried through the entire intestinal 
tract and discharged in the dejecta, as well as provision for a suitable 
place to oviposit. The worm enters the crypts of Lieberkiihn and coils 
back on itself so as to place the vulvar opening as near the base of 
the crypt as possible (fig. 5). This is probably the primitive ovipositing 
posture of the mother worm. However, in many, possibly a majority of, 
instances, microscopic examination of the tissues indicates that the 
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Fig. 6.—Section of the duodenum (fifteen day infection) showing the anterior 
end of a female worm directed toward the base of the crypt and the middle portion 


in a transverse tunnel through four or five villi. The tips of the villi show char- 
acteristic hyperplasia. Magnification, « 100. 


Fig. 7—Enlargement of the middle portion of the worm shown in figure 6, 
illustrating the cleancut type of tunneling effected through the stroma. Magnifica- 
tion, 250. 
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anterior half or two thirds of the parasite penetrates into the epithelial 
lining of the gland, or transversely or obliquely through one or more 
crypts, like a thick fragment of basting thread (figs. 6 and 7). While 
originally accidental, this type of anchorage has undoubtedly proved 
extremely useful and has become a common parasite-tissue association. 
Sections of the intestinal wall in the dogs in this series showed a pre- 
ponderance of actual invasion of the tissue, while worms lying entirely 
in the crypts were found relatively rarely (figs. 8 and 9). Moreover, 
many of the females were situated in the middle or lower depths of 
the stroma and not within the tips of the villi. On the other hand, 
in no single instance was an adult worm found to have penetrated into 
or beneath the muscularis mucosae, which usually serves as an effective 
barrier against deeper invasion. The mother worms do not remain 
quiescent for long in the tissues but continuously wander through serpen- 
tine tunnels, unless enclosed by sheaths of the host tissue. Thus, a 
female which has once secured entry into the crypts almost always has 
some degree of anchorage in the tissue and rarely while living escapes 
into the lumen. Evidence for such a conclusion has been furnished 
in a previous communication (Faust, Wells, Adams and Beach "'). 
Askanazy * believed that the presence of chyle, which the worms find 
in the stroma of the mucosal layer and which they utilize as food, also 
offers an explanation for their frequent penetration into the tissues. 

During a considerable portion of their existence in the mucosa the 
females deposit eggs. Evidence has been furnished (Faust, Wells, 
Adams and Beach") that each fecund worm produces and oviposits 
several dozens of eggs per diem. Each egg is usually fully embryonated 
and at the time of oviposition contains a well developed larva coiled 
within the shell. However, hatching does not ordinarily take place 
until some time later. There is no evidence that the females leave the 
tissues to deposit eggs in the crypts or in the intestinal lumen. Never- 
theless many eggs are probably deposited directly into the crypts or soon 
escape into these fundi and: thence into the intestinal lumen. On the 
other hand, many more eggs are found singly or in nests in the inter- 
glandular stroma, where they hatch. The emerging rhabditiform larvae 
feed and grow and eventually work their way out into the lumen. 


DAMAGE TO THE TISSUE OF THE HOST 


Direct destruction of tissue as a result of the presence of the worms 
is caused by two agencies—trauma and lysis. The trauma is produced 
by adults, eggs and larvae and is dependent on the depth of invasion 
of the mucosa and the number of worms involved. For convenience, 
there may be considered to be two types of trauma—tunneling and 
frank destruction of tissue caused by the escape of eggs and larvae. 
In an extensive examination of serial sections cut at various levels of 
the small intestine it was difficult to find mother worms which did not 
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Fig. 8.—Section of the anterior portion of the jejunum (twenty-one day infec- 
tion), showing (at the left) a portion of a female worm in a crypt and (at the 
right) a portion in the epithelial lining of the gland. Magnification, « 250. 


Fig. 9.—Section of the posterior portion of the jejunum (nine day infection), 
showing a portion of a female worm which has traveled transversely through a 
villus that has become greatly enlarged by fibroblastic thickening. Magnification, 
x 250. 
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show some evidence of penetration into or through the tissues. The 
injury was almost always a cleancut cylindric channel, usually sinuous 
or serpentine and at times even elaborately coiled and just large enough 
to accommodate the worm. Tunnels were present most frequently in 
the stroma about midway down to the muscularis mucosae, but numerous 
instances were observed in which they descended to the basement mem- 
brane (fig. 10). In the majority of cases the tunnels were occupied, 
but frequently the worm had deserted the original channel and had 
crawled into adjacent tissues. Nowhere was there any evidence of 


Fig. 10.—Section of the duodenum (twenty-two day infection), showing a 
female worm that is partially in the fundus of a gland and partially in the stroma, 
with invasion to the basement membrane. There is no evidence of tissue reaction 
in the adjacent muscularis mucosae or submucosa. Magnification, « 100. 


leukocytic infiltration in the immediate vicinity of the tunnels, nor had 
the worms produced any hemorrhage by invasion of blood vessels in the 
stroma or tunica propria. Apparently, the females had deposited eggs 
promiscuously as they burrowed through the tissues and had not 
migrated out into the crypts for the purpose. Usually the eggs were 
found in fairly well circumscribed nests, but occasionally single eggs 
were seen. There was some indication that these unhatched eggs were 
gradually working their way through the tissues toward the lumen, 
thereby tearing the tissue appreciably. However, more extensive 
mechanical injury resulted from the rhabditiform larvae, hatched in 
the tissues, which actively forced themselves through the stroma, so 
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that in heavy infections the mucosa was almost shredded or riddled 
by their movements (fig. 11). In a few sections the larvae had even 
invaded the substance of the muscularis mucosae, where extensive reac- 
tion of the host tissue was called into play to prevent their progress 
farther (figs. 12.4 and B). Only occasionally were these active larvae 
found in well delimited tunnels. Nowhere in any of the examinations 
(including depth scrapings and serial sections) were young filariform 
larvae observed, either in the wall or in the lumen of the small intestine. 

In addition to mechanical damage to the mucosa produced by the 
female worms and their progeny, lytic action also plays a considerable 


Fig. 11.—Section of the posterior portion of the jejunum (twenty-six day infec- 
tion), showing extensive honeycombing and skeletonization of the glands, only a 
few of which are left. All of the worms have wandered out of the devitalized area 
into other foci. No acute tissue reaction was provoked. Magnification, & 100. 


role in the total picture of destruction. Cells of the stroma and tunica 
propria partake of this damage, but it is most noticeable in the principal 
cells of the epithelium of the crypts. Where these cells are immediately 
in contact with free females or hatched larvae, the walls are gradually 
dissolved and the cytoplasm becomes granular and gradually disinte- 
grates. This is particularly true where the tissue cells are in apposition 
to the head of a mother worm. It is impossible to say whether or not 
the cells per se or their cytoplasmic contents are ingested by the worms, 
although this is by no means impossible, but there is suggestive evidence 
to indicate that some lytic agent, secreted through the head of the worm, 
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Fig. 12.—A, section of the anterior portion of the jejunum (fifteen day infec- 
tion) in which extensive mechanical and lytic destruction of the mucosa has taken 
place. Attempts of the larvae to penetrate through the muscularis mucosae have 
resulted in an extensive infiltration of polymorphonuclear and monocytic leukocytes 
into the endangered zone. B, section of the anterior portion of the ileum (twenty- 
six day infection) in which an acute polymorphonuclear infiltration has developed 
around a rhabditiform larva which has succeeded in penetrating through the mus- 
cularis mucosae into the submucosa. Magnifiation, « 100. 
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has a dissolving action on the cell walls and cytoplasm. The nuciei of 
these cells apparently are not dissolved but become shrunken and pyk- 
notic. In some respects this lytic action is similar to that of Endamoeba 
histolytica buried in the glands or interglandular tissues of the mucosa, 
although it is a much less important factor in the total destructive process 
effected by Strongyloides than is the mechanical damage. 


REACTION OF THE TISSUE OF THE HOST TO STRONGYLOIDES INFECTION 


In some dogs there is no evidence of any reaction of the tissue to 
the invading Strongyloides. In most cases, however, several types of 


Fig. 13.—Section of the anterior portion of the jejunum (nine day infection) 
in which the female worms have produced extensive destruction of the epithelial 
lining near the base of the crypt. Further damage has been prevented by their 
encapsulation with a thin sheath of modified epithelial cells which have greatly 
flattened nuclei. Magnification, & 400. 


reactions tend to limit the destructive action of the worms. By far 
the most characteristic is the production of an adventitious sheath imme- 
diately around the parent worm (fig. 13) and to a certain extent around 
the free larvae (fig. 14). In fairly early infections (from twenty-five 
to forty days) it is possible to find many free females and their progeny, 
together with other females each of which is effectively encased in a 
thin tough sheath of cells of the host tissue, as Askanazy‘ first sug- 
gested. These are hollow cylindric structures, consisting in cross-section 
of two or three flattened cells with greatly compressed nuclei (fig. 13). 
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The cells appear to be derived from the tissues immediately around 
the particular region where the worm has tunneled, whether glandular 
epithelium, stroma, tunica propria or basement membrane. While the 
sheath is apparently somewhat elastic, it confines the worm to a given 
section of its tunnel and initiates the eventual death of the worm in situ. 

As the infection becomes older (two months or more in the dog) 
there is a gradual accumulation of epithelioid cells immediately around 
the sheath (fig. 15), so that when the sheath with its enclosed worm 
is dissected out of the tissue, the phagocytes are seen to constitute an 
adherent, irregular outer furry envelop. This phagocytic invasion has 


Fig. 14.—Section of the anterior portion of the duodenum (four month infec- 
tion) in which hatching rhabditiform larvae in the basal epithelium of a gland 
have been encapsulated en masse by modified epithelial cells. Note the flattened 
nuclei. Magnification, 300. 


never been observed except where the worms have first been ensheathed 
in the adventitious capsule, but sooner or later the epithelioid cells effect 
an entry through the sheath and begin to attack the parasite. This 
constitutes a unique but efficient control of the infection. Caseation or 
calcification of such worms has never been observed. 

In chronic strongyloidiasis of the intestine, in addition to the 
ensheathing and phagocytic reactions, fibroblasts develop in the vicinity 
of the worms and their tunnels, so that the middle and lower portions 
of the glands are frequently reduced to nonfunctional shrunken areas, 
resembling a honeycomb (fig. 11). On the other hand, the tips of 
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the villi commonly become hyperplastic, the individual cells are swollen, 
the cuticular edges of these cells are at times destroyed and the mucous 
secretion of the glands is greatly increased. Groups of these injured 
villi extend as small domelike masses into the lumen of the intestine, 
and the entire section bears a close resemblance to a cauliflower head 
with a fibrous stem. In cases of infection of several months’ duration 
this picture is not uncommon. 

In the few cases that were observed in which the rhabditiform larvae 
had started to penetrate into or through the muscularis mucosae, exten- 
sive polymorphonuclear and monocytic reaction had been initiated, thus 


Fig. 15.—Section of the posterior portion of the jejunum (nine day infection) 
in which ensheathment of the female worm is being followed by the attachment 
of a few epithelioid cells on one side of the sheath. These invading cells will 
increase in number, surrounding the entire sheath, and later will penetrate it and 
phagocytose the worm. Magnification, X 287. 


effectively barring deeper invasion and trapping the larvae before they 
had had an opportunity to enter the lower tissues of the submucosa 
(fig. 12B). The intensity and success of this cellular reaction as a 
protective mechanism is indicated by the frequent development of 
pseudotubercles immediately around the larvae,. with occasional giant 
cell formation (fig. 16). In some respects this process ig comparable 
to that which isolates the eggs of Schistosoma mansoni ar Schi§tosoma 
japonicum in the intestinal wall. On the other hand, this more acute 
type of reaction has never been observed in the case of the much greater 
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number of eggs and larvae of Strongyloides which are working their 
way toward the lumen of the intestinal tract. 

These types of response of the tissue to the parasite are conspicuous 
by the complete absence of local eosinophilia. Possibly the species 
of host is responsible for this condition. In both human and simian 
hosts infected with Strongyloides or Schistosoma spp. there is usually 
a pronounced general eosinophilia during the active stages of the infec- 
tion, and in both hosts a local eosinophilia around the sites of egg deposi- 
tion has at times been observed. When infected with either of these 
parasites the dog never shows any marked general eosinophilia, so that 


Fig. 16—Section of the anterior portion of the jejunum (fifteen day infection). 
Female worms (right) have reached the base of the glands. A rhabditiform larva 
(left) is starting to migrate into the submucosa and has provoked a proliferation 
of epithelioid cells. In the center of the cell mass there is a well developed giant 
cell. Magnification, « 250. 


the absence of local eosinophilic infiltration is not a matter of particular 
surprise. On the other hand, in cases of strongyloidiasis in man, even 
those in which large numbers of larvae are discharged in the feces, 
there may be little if any general eosinophilic response. The few sec- 
tions of intestinal tissue which I have had an opportunity to examine 
have shown practically no local eosinophilia. It seems likely, therefore, 
that the local reactions of the tissue around the sites of adult and larval 
Strongyloides are adequate to control these parasites without the aid 
of eosinophils. 
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The processes of ensheathment and phagocytosis of the worms in 
the tissues, together with the fibrosis of the tissues around the nests 
and tunnels of the worms, are primarily responsible for the irregularity 
with which larvae are discharged into the lumen of the intestine, as 
well as for the eventual death of the mother worms (Faust, Wells, 
Adams and Beach ''). Delay of these reactions of the tissue allows the 
worms to traumatize the tissue to such a degree that extensive areas 
of mucosa may become necrotic and be sloughed off and the opportunity 
afforded for bacteria to effect an entrance and produce phagedenic 
ulcers or to invade the blood stream and initiate septicemia. In the 
dog such end-results are apparently much less common than in man, 
possibly because of the more effective response of the tissues to the 
worms. 

RARE FOCI OF INFECTION 


In one of our dogs with a relatively heavy Strongyloides infection 
of the intestinal wall, adult worms and larvae were found in the gall- 
bladder. Male worms and larvae were present in the lumen of this 
organ, and a few mature females were recovered from the epithelial 
layer of the wall. There was no gross evidence of inflammation or 
destruction of the epithelial tissue. No sections of the involved site 
were available for study. 

Of greater interest were the histories of four dogs in our series 
which were killed between the eighth and the twentieth day after inocu- 
lation because of symptoms of involvement of the central nervous 
system. 


In the first instance (dog 12), on the fifteenth day after inoculation and three 
days after the end of the prepatent (incubation) period, as determined by the 
presence of numerous rhabditiform larvae in the feces, the animal was observed 
(8:00 a. m.) to be in a state of tetany, with the right side of the face and the left 
extremities in a spastic condition. Administration of calcium lactate by mouth 
failed to produce any improvement. One hour later the animal became incontinent, 
and it remained so throughout the day. Meanwhile the spastic paralysis became 
more pronounced. On consultation, Dr. Alton Ochsner and Dr. Alfred W. Adson 
stated that there were definite indications of cortical lesions of the cerebrum and 
perhaps some nuclear lesions in the brain stem. The animal was killed at 8 p. m. 
of the same day and the brain exposed to view. The only gross lesions discov- 
ered consisted of somewhat congested meninges. After careful removal the brain 
was fixed in a cold 10 per cent solution of formaldehyde for further study. The 
thoracic and abdominal viscera were examined and portions preserved for micro- 
scopic examination. Dog 22 exhibited similar acute symptoms on the twentieth 
day after inoculation four days after the intestinal infection had become patent ; 
and dog 27, on the tenth day after inoculation, just at the end of the incubation 
period. These animals also were killed and examined grossly, and their tissues 
were preserved for subsequent study. Dog 46, with a much lighter inoculation, 
showed evidence of a typical rabid syndrome on the eighth day after inoculation. 
After twelve hours of observation the animal was killed, and the brain was 
removed and sent to the Pasteur Institute of the Charity Hospital for diagnosis. 
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The report stated that Negri bodies were not present and that there were no 
indications that the dog had been suffering from rabies. Autopsy of the remainder 
of the body demonstrated that a light intestinal strongyloidiasis was being estab- 
lished. 

Microscopic examination of serial sections cut through critical regions of the 
brains of dogs 13 and 22 failed to demonstrate the presence of migrating larvae, 
although sufficient damage, principally hemorrhage, both to the cerebral cortex 
and to the brain stem of each of these animals had been effected to corroborate 
the clinical observations. The inability to discover the larvae in sections of the 
brain was not particularly surprising, considering the probability that only a few 
larvae might have been involved and that these could readily have passed through 
the circulation into other foci. 


Scrutiny of the literature on strongyloidiasis has failed to reveal 
any similar record of acute symptoms of involvement of the brain 
either in human or in experimental infections, although Fiilleborn ** 
(page 49) stated that embolism and hemorrhage of the brain or retina 
might be expected as a result of aberrant migration of Strongyloides 
larvae and cited the observations of Calhoun,?* who found retinal hem- 
orrhage in man as a result of invasion by hookworm larvae. Later 
Fulleborn '* cited his own histologic evidence of hemorrhage in the 
meninges and penetration into the brain substance of experimental 
animals on the part of Ascaris larvae. However, he observed no brain 
symptoms, even in heavily infected animals. Although in the case 
of the four dogs in our series with involvement of the brain there is 
no histologic proof of the etiology of the lesion, I am impressed with 
the circumstantial correlations and feel that migrating Strongyloides 
larvae may have been responsible for the symptoms. 

In view of Fulleborn’s '* experimental observations on renal hemor- 
rhage produced by Strongyloides, due to the presence of migrating 
larvae in the glomeruli and tubules and of Fornara’s ** clinical finding 
of hematuria in a patient with Strongyloides infection, careful exami- 
nation was made for any gross or microscopic lesions in the kidneys 
of our animals. In no instance was there any indication of damage 
to these organs which could be ascribed directly to the parasites. 


COMMENT 


In considering the relationship of Strongyloides during its parasitic 
phase to the tissues of a susceptible host, it is convenient to divide the 
relationship into two periods: (1) that of entry into and migration 
through the body up to the time when the adult female worms establish 
their residence in the tissues and (2) that involving the activities of 
the adult female worms and their progeny in the tissues. The first 
period includes the penetration through the skin, the buccal mucosa 


22. Calhoun, F. P.: J. A. M. A. 59:1075, 1912. 
23. Fornara, P.: Policlinico (sez. prat.) 30:75, 1923. 
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or, in the case of internal infection (hyperinfection ), the colonic mucosa, 
passive transit to the pulmonary capillaries, active penetration from 
the capillaries into the alveolar and bronchiolar passages, and migration 
up the bronchi and trachea and down the esophagus and penetration 
of the intestinal mucosa. The second period involves the maturing 
of adult females and oviposition and their sequelae. The activities of 
the worms during the first period parallel those required by the hook- 
worm and in hyperinfections are practically the same as those employed 
by Ascaris larvae, except that Ascaris larvae (when hatched) ordinarily 
invade the wall of the small intestine en route to the lungs. 

If the cutaneous route of invasion is regarded as the usual normal 
method of entry into the body by both Strongyloides and hookworm 
larvae, it is apparent that in the susceptible host it is accompanied by 
an immediate local reaction which does not usually lead to any con- 
siderable amount of local cellular infiltration. Even in the event that 
larvae remain in the cutaneous layers for several days, no polymorpho- 
nuclear leukocytic response is elicited unless the larvae die and provoke 
phagocytosis. Probably a considerable proportion, even a majority, 
of larvae are filtered out in cutaneous tissues and never pass into the 
afferent circulation. No known response of the tissue is provoked during 
the rapid passive transfer from the peripheral circulation through the 
right side of the heart to the pulmonary arterioles and capillaries. 

On arrival in the capillary network of the lungs the majority of 
the larvae soon break through the delicate walls of the vessels and 
penetrate into the alveoli. This action invariably causes hemorrhage, 
the amount being determined by the number of larvae present in these 
foci and the amount of damage to the walls of the capillaries. The 
latter is probably dependent on the activity and size of the filariform 
larvae at the time of their arrival in the capillaries. Usually the hemor- 
rhages are petechial; occasionally they are profuse, so that extensive 
pools of blood escape into the terminal and subterminal respiratory 
passages and cause grave respiratory embarrassment. Rarely some of 
the larvae succeed in passing through the capillaries into the venules, 
are carried through the left side of the heart into the general circulation 
and are filtered out in the terminal capillaries of such organs as the 
brain, kidneys, etc., where they may produce extensive damage. 

Once within the alveoli, the Strongyloides larvae become greatly 
activated, possibly because of the increased supply of oxygen. The 
presence of the worms in these foci and their irritation of the alveolar 
and bronchiolar epithelium result in the desquamation of some of the 
epithelial cells and rapid invasion of polymorphonuclear leukocytes into 
the respiratory tubules, as well as the surrounding of the larvae and 
frequently the filling of the alveolar sacs, bronchioles and smaller bronchi 
with tissue cells. It is doubtful if this process is helpful to the organ- 
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ism, for the invading phagocytes block the normal exit of the larvae, 
which proceed to metamorphose in these passages into postfilariform 
and preadolescent worms, in the meantime feeding on the mucous secre- 
tions of the epithelium in the immediate neighborhood. No dead or 
phagocytosed larvae have ever been found in these passages. Thus 
in a considerable proportion of our experimental dogs the worms were 
delayed sufficiently long in the distal respiratory passages so that they 
had metamorphosed to the adolescent stage by the time they reached the 
lower levels of the columnar epithelium of the bronchi. Under such 
circumstances the female worms were afforded an opportunity to invade 
the epithelium, and some of them matured and laid eggs there. Thus 
far no evidence has been found of a reaction of the tissue to the adult 
female worms which become established in the respiratory epithelium. 
The ephemeral nature of the parasitic males is indicated by their relative 
frequency as preadolescent and adolescent forms in the respiratory pas- 
sages, their relative infrequency as mature forms in these foci and their 
absence in the respiratory epithelium. 

The second period of the parasitic phase of Strongyloides is initiated 
by the arrival of the preadolescent and adolescent worms in the intes- 
tinal tract. In our experimental animals the esophageal tissues were 
never invaded; this coincides with previous clinical and experimental 
reports. Occasionally the gastric mucosa affords a place where the 
females may be housed, but usually they pass through the stomach 
without injury or invasion of the wall and on entering the duodenum 
begin their penetration of the tissues. Thus the duodenum and jejunum 
become parasitized most heavily and the ileum becomes parasitized to 
a lesser degree. 

The processes of invasion and egg deposition together with the 
several types of tissue reaction have been described previously but justify 
further consideration as a whole. Modification of the intestinal mucosa 
as a result of the presence of the parasites falls into two categories: 
(1) injury produced by the parasite and (2) reaction of the tissues 
of the host. The former includes the mechanical injury produced by 
the wandering of adult female worms and their larvae, together with 
the filtering of the unhatched eggs through the stroma toward the lumen 
of the intestine, as well as the lytic action of the motile worms, par- 
ticularly the adults, on the cells in their immediate neighborhood. In 
light infections these two types of destruction are barely appreciable. In 
heavy infections they are pronounced and may result in a complete honey- 
combing of considerable areas or in denudation and sloughing of exten- 
sive patches of the mucosa, thus exposing the underlying tissues to 
bacterial invasion. Both of these processes are most effective when 
the response of the tissues of the host is minimal. They are most 
commonly observed during the early stages of invasion of the intestinal 
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mucosa, but in animals with low resistance and poor tissue response 
they continue to operate for months and eventually result in the destruc- 
tion of the mucosa of the entire levels involved. 

In most animals, following the initiation of the traumatic and lytic 
action of the worms, local tissue reactions are provoked. The earliest 
of these, the one most effective in inhibiting the damage produced by 
the parasites and the one least damaging to the tissue of the host or its 
functions, is adventitious encapsulation of the worm. In one dog (no. 7) 
the beginning of this control process was observed within a day or two 
after the worms invaded the tissue (autopsy on the ninth day after 
inoculation). In several others this process alone was being carried 
out up to several months after inoculation. On the average, however, 
within two or three months after inoculation of the host there were at 
least some ensheathed mother worms which were being surrounded by 
epithelioid cells, which eventually penetrated the sheaths and destroyed 
the worms. No evidence has been obtained to indicate that phagocytosis 
of the unsheathed worms ever occurs. This adventitious encapsulation, 
first suggested in Askanazy’s study * and verified in our series, together 
with the consequent phenomenon of phagocytosis, constitutes a unique 
type of protection to the host, whereby the worm is first securely impris- 
oned, prevented from discharging eggs into the tissues and later actually 
destroyed in situ, without extensive modification of the type or loss in 
function of the surrounding tissues of the host. Unfortunately this 
reaction does not lead to the repair of the cells already injured by the 
unencapsulated worms or the tissues damaged by filtration of eggs into 
the intestinal lumen. As in most helminthic infections this is cared 
for by fibroblastic proliferation, which, in the case of Strongyloides, 
is moderately effective but results in considerable loss of functional 
tissue and frequently in eventual sloughing of the damaged mucosa. 
In contrast to the slow process of repair effected by fibroblasts is the 
rapid cellular reaction to attempted invasion of the muscularis mucosae 
by worms and their rapid phagocytosis. The activity of the tissue 
elements under such conditions is indicated by the complete isolation 
of the worms within clusters of epithelioid cells and the presence at 
times of giant cells in these foci. Dying or dead larvae in these sites, 
as in the layers of skin, are cared for by polymorphonuclear leukocytes. 
The literature indicates, however, that in overwhelming infections the 
worms may be successful in passing this barrier and may reach the sub- 
mucous and muscular coats (von Kurlow,® Gage,® and Blacklock and 
Adler *). 

In contrast to other helminths, Strongyloides is unique with regard 
to the variety of sites where it may establish itself and the variety of 
tissue reactions which it may elicit. Ascaris lumbricoides is not in ‘an 
appropriate medium outside the lumen of the small intestine. The 
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damage which it produces is primarily toxic. Trauma in ascariasis 
results only when the worm wanders out of its normal habitat, as a 
result of the presence of an unfavorable milieu in the small intestine. 
During its larval migration through the lungs it provokes pneumonitis, 
but the worms never develop to adults in the respiratory organs. The 
small intestine is also the residence of the hookworm, where the adult 
worms live attached to the mucosa. The damage produced by the 
hookworm is both traumatic and toxemic: hemorrhage and ulceration 
develop at the sites of attachment and disturbances, at times profound, 
of the hematopoietic, endocrine and other systems of the body are 
secondarily produced. En route through the lungs the hookworm larvae 
may cause bronchial pneumonitis, but they are not able to establish 
a residence there. Bancroft’s filaria (Wuchereria Bancrofti) provokes 
an acute tissue reaction followed by extensive fibrosis around the sites 
of the adult worms and some of their progeny in lymph nodes and 
lymphatic tracts. Trichinella larvae, once arrived in striped muscle, 
become encapsulated in an adventitious cyst wall, which eventually leads 
to their caseation or calcification. Only in cardiac muscle do they elicit 
an acute nonencapsulating cellular response (Weller, Dunlap and 
Bugher **). The blood flukes (Schistosoma spp.) stimulate a local 
leukocytosis at successive periods of their development and a general 
eosinophilia (Faust and Jones **), but the most characteristic reaction 
is the formation of pseudotubercles around the eggs which have escaped 
into the tissues. Strongyloides, however, is not limited to a particular 
level of the intestine or even to the intestinal tract for its development 
and propagation. Although it most commonly occurs in the duodenal 
and jejunal wall, no portion of the entire digestive canal, from the 
cardiac portion of the stomach to the anus, with the exception of the 
appendix, is exempt from its invasion. Moreover, the lungs constitute 
an important secondary focus for the adult worms, and even the gall- 
bladder was on one occasion found to be invaded. Although the epi- 
thelial layer of the intestinal tract is the usual site of residence, in 
case Strongyloides gains entry to the underlying layers, it is capable 
of carrying on its life processes successfully in these locations. Further- 
more, it is not solely dependent on the hazards of an external environ- 
ment for continuation of its existence, but may develop and multiply 
internally by hyperinfection. 

Equally varied are the types of tissue reaction of the host to Strongy- 
loides. Encapsulation and phagocytosis, respectively, limit and eventu- 


ally terminate the life and activities of the adult mother worms. Fibrosis 


24. Weller, C. V.; Dunlap, G. A., and Bugher, J. C.: Science (Service News 
Supp.) 79:11, 1934. 

25. Faust, E. C.; Jones, C. A., and Hoffman, W. A.: Puerto Rico J. Pub. 
Health & Trop. Med. 10:133, 1934. 
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is called into play to repair the destructive action of the adults and their 
progeny. Rapid cellular reaction is initiated around the living worms, 
particularly the larvae, which attempt to invade the layers of intestinal 
tissue underlying the mucosa. The rapidity of this defense reaction 
of the tissue is demonstrated by the death of the worm within masses 
of epithelioid cells and their phagocytosis by infiltrating polymorpho- 
nuclear leukocytes. 

An explanation of the relative lack of specificity of the sites where 
Strongyloides may develop in an appropriate host and the variety of 
tissue responses of the host is probably found in the fact that this worm 
is as yet young in the field of parasitism. For many years it has been 
known that Strongyloides frequently manifests a tendency toward a 
free-living generation which is interpolated between parasitic phases. 
While this free-living phase is not consistently maintained and is more 
frequently observed in tropical than in temperate zones, it definitely 
suggests that the nonparasitic life of the organism has not been per- 
manently abandoned. Moreover, investigations in this laboratory ** have 
indicated that under controlled conditions this worm is capable of pro- 
ducing several free-living generations in sequence. In contrast there 
is its proved capacity at times to carry on the infection entirely inter- 
nally (by hyperinfection) without the need of incubation outside of 
the host. Under these circumstances it is easily understood how the 
invasion of tissues and organs by the maturing female worm is only 
partially selective. Moreover, the parasite’s choice of epithelial tissue 
in which to mature suggests a need for an adequate supply of oxygen. 
This, likewise, is consistent with the view that its requirements as a 
free-living organism have not been completely abandoned. 

Similarly the tissue, in its response to the parasite, is still manifest- 
ing several varieties of reactions, some of which are highly efficient, 
specific controls. Others, such as the fibrous tissue reactions around 
areas of destruction, are generalized processes of repair which are not 
peculiar to strongyloidiasis. 

Thus the parasite’s activities are still somewhat nonspecific, because 
of its partially free-living, partially parasitic habits. Likewise, the 
adjustments of the tissue are still incomplete and are apt to remain 
so until the worm, in the course of time, completes its adaptation to 
obligatory parasitism. 

Because of the small size of the worm and the relatively slow appear- 
ance of gross manifestations of strongyloidiasis in the tissue of the 
mammalian host, particularly in man, pathologic and clinical information 
that has thus far been accumulated in the literature is conspicuous by 
its paucity. The few striking pictures of overwhelming infection in 
man and the monkey are by no means representative of the average 


26. Beach, T. D.: Proc. Soc. Exper. Biol. & Med., to be published. 
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infection, which is slow, insidious and usually mild clinically, but which 
gradually develops to a significant pathologic and clinical entity in the 
course of time. The early, more rapidly developing responses of the 
tissue to the infection in the dog are probably of considerable importance 
as an aid to the visualization of the activities of the tissues in case of 
parasitism by Strongyloides stercoralis in man. 


CONCLUSIONS 


Mature filariform larvae of Strongyloides may effect entry into the 
body of a susceptible host with equal ease through (1) the abdominal 
skin, (2) the oral mucosa or (3) the colonic mucosa. At the cutaneous 
site of inoculation there is frequently, although not necessarily, a typical 
reaction with erythema and raised blotches, in the midst of which 
petechial hemorrhagic areas are present. Entry into the epidermis is 
accompanied by an exquisite pruritus. There may also be a delayed 
reaction, probably due to a residuum of larvae in the cutaneous layers. 
The degree of the erythema is not related to the strain of the parasite 
or to the number of larvae utilized in the inoculum. The histopathology 
of the skin at the site of inoculation consists almost exclusively of the 
formation of fibroblasts in the wake of the invading larvae. Eosino- 
philic infiltration does not necessarily occur and polymorphonuclear 
leukocytes are present in numbers only around dead larvae. Greater 
filtration and eventual death of larvae in the cutaneous layers probably 
take place in the case of strains of sshd denieaanl physiologically 
unadapted to the host. 

On arrival in the pulmonary capillaries the filariform larvae rapidly 
penetrate into the alveoli and bronchioles. This migration is accompa- 
nied by petechial or profuse hemorrhage into the air passages. In the 
latter case the host may shortly succumb from suffocation. The presence 
of free larvae in the terminal respiratory tubules calls forth a pro- 
liferation of epithelial cells in the alveoli and respiratory sacs and a 
leukocytic infiltration at the levels of the bronchioles and bronchi, the 
degree of which is more or less proportional to the number of invading 
larvae. Congestion of these tubules by pools of leukocytes prevents 
the normal migration of the larvae up the bronchioles and bronchi, 
allowing the larvae to metamorphose in the terminal air passages into 
postfilariform, preadolescent and even adolescent males and females, and 
producing superficial damage to the respiratory epithelium, which per- 
mits bacterial invasion of the tissues. This usually culminates in bron- 
chial pneumonitis, which on occasion may lead to more extensive 
leukocytic invasion and may result in the consolidation of extensive 
areas. The young worms exhibit no tendency to invade the pavement 
or cuboidal epithelium of the air sacs or bronchioles, but on arrival in 
the bronchi (and probably the trachea) the adolescent females may invade 
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the palisade cells, mature in this layer and produce progeny. Maturing 
males apparently never invade the respiratory epithelium. There is no 
indication that an acute cellular reaction occurs around such foci of 
invasion of this epithelium. Rhabditiform progeny in the lungs may 
later invade the tissues and damage the walls of the smaller blood 
vessels, with resultant hemorrhage. In hosts with a well established 
Strongyloides infection in the intestine, filariform larvae, probably of 
internal origin (i.e., hyperinfective) may appear from time to time 
in the lungs, producing hemorrhage and inviting leukocytic invasion. 
No evidence has been obtained to indicate that such larvae mature and 
become permanently resident in the respiratory organs. On the whole, 
even in relatively light infections in experimental animals, in a con- 
siderable percentage of cases (29 per cent) there was evidence of 
mild, moderate or extensive damage to the respiratory tissue during 
migration through the lungs. 

In the intestinal tract, which is the most common residence of 
Strongyloides in the host, only females invade the wall. Here they 
parasitize the mucosa primarily and only rarely invade the deeper layers. 
The duodenum, jejunum and upper portion of the ileum are the levels 
ordinarily involved, although the worms may at times be found at all 
levels of the intestinal tract from the cardiac sphincter to the anus, 
with the exception of the appendix. Originally the females probably 
entered the crypts of Lieberkiihn to protect themselves from being 
carried down and out of the intestinal tract. In these crypts they 
matured and laid eggs. Penetration of the stroma and even of the 
tunica propria has proved to be useful to the worm, both for anchorage 
and (according to Askanazy) for nutrition, and has therefore become 
a common parasite-tissue association. Many of these parasitic females 
are present in the middle and lower depths of the mucosa, and they are 
less commonly found near the tips of the villi. No adult worm in 
the experimental series has been found attempting to invade the mus- 
cularis mucosae. During life the worms migrate from place to place 
through the mucosa, tunneling their way through serpentine channels. 
In these sites each fecund female worm deposits several dozens of 
embryonated eggs per day. The eggs are temporarily nested in the 
tissues, where they hatch and the escaping rhabditiform larvae gradually 
work their way toward the lumen of the intestine, producing extensive 
trauma as they go. 

Direct tissue damage produced by the adult female worms and their 
progeny in the intestinal wall consists of (1) the mechanical injury 
caused by the wanderings of the females and the rhabditiform larvae 
together with the filtration of eggs through the tissues and (2) the lytic 
action of the adults and larvae. The amount of this damage is more 
or less proportional to the number of parasites in the tissues. Thus 
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in light infections the lesions may be only microscopic; in heavy infec- 
tions they may consist of a complete honeycombing of extensive under- 
lying areas, with the loss of essentially all vital tissues, together with 
hyperplasia of the tips of the villi, or at times supplemented by denuda- 
tion of the entire mucous coat involved down to the muscularis mucosae. 
There is suggestive evidence that the worms secrete through their 
mouths some lytic substance which digests the adjacent epithelium. 

The responses of the tissues of the host to the parasites in the 
intestinal wall are both unique and efficient. Soon after an infection 
has been established, some adult worms become surrounded by a thin 
adventitious epithelial sheath, which permanently imprisons them and 
prevents further oviposition. Eventually these sheaths become sur- 
rounded by layers of epithelioid cells, which in time break through 
the sheath and phagocytose the enclosed worm. In this way the worms 
are destroyed with minimal damage to the tissue of the host. In case 
the larvae attempt to invade the muscularis mucosae, they are imme- 
diately surrounded by an epithelioid cellular infiltrate, which protects 
the underlying layers and usually terminates the larva’s existence. Poly- 
morphonuclear leukocytes then remove the dead larvae. In the event 
of extensive honeycombing or sloughing of the tissues, fibroblastic 
repair is initiated, just as in other destructive processes of the intestinal 
mucosa. Evidence of secondary bacterial invasion of the parasitized 
areas is relatively scant. In the dog all of these reactions are conspicuous 
by the absence of local eosinophilia. 

In one animal in the experimental series mild strongyloidiasis of 
the gallbladder was discovered, without evidence of tissue reaction. In 
four animals there was clinical evidence of involvement of the central 
nervous system. Sections of areas of the cerebrum and brain stem 
showed evidences of focal hemorrhage, but no migrating larvae were 
seen. Renal lesions, due to migrating Strongyloides larvae, as described 
by Fulleborn, were not found in the present series. 

Strongyloides is unique in the variety of sites in the body where it 
may establish itself and in the variety of tissue responses which it may 
provoke. These are indications of the incomplete adaptation of the 
parasite to the tissue of the host and are probably due to the relatively 
short time the worm has experienced parasitism. In nature Strongy- 
loides frequently exhibits an alternation of parasitic and free-living 
generations. Controlled laboratory experiments have demonstrated the 
worm’s capacity to produce in sequence several free-living generations 
as well as its ability to propagate wholly within the body of the host 
without any external phase. 

While there is evidence that lesions are produced by Strongyloides 
in the experimental dog somewhat more rapidly than they are in man, 
the picture of developing strongyloidiasis in the canine host helps to 
visualize the course of the infection in the human host. 
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SUMMARY 


A survey of the literature on the pathology of Strongyloides in 
man and in the experimental host shows a diversity of views but a 
majority agreement in favor of the essentially pathogenic nature of 
the parasite. The amount of actual study on the relationship between 
this worm and its host has been meager. The present paper is based 
on a study of experimental strongyloidiasis in sixty-two dogs, most 
of which were inoculated with human strains of Strongyloides stercora- 
lis. The type and mode of development of all the strains utilized had 
been determined previously. The dogs were under adequate control 
and their clinical histories were followed from the time of inoculation 
until they died or were killed. Autopsies were performed on all the 
animals, with particular attention to the sites of the parasites and their 
relation to the tissues. For nineteen animals a complete study of 
microscopic sections of the invaded organs was undertaken. 

A detailed history has been presented of the lesions which the worms 
produced in the experimental hosts during the period of migration from 
the site of inoculation on the skin, the oral mucosa or the colonic 
mucosa through the lungs to the intestinal tract, together with the 
pathologic picture produced by the adult female worms and _ their 
progeny. On the whole, the cutaneous lesions were essentially unim- 
portant. On the other hand, 29 per cent of the dogs manifested more 
or less serious damage of the pulmonary tissue, consisting of hemor- 
rhage of the capillary walls, injury of the epithelium of the alveoli, air 
sacs and bronchioles, and clogging of the terminal respiratory passages 
by large numbers of leukocytes which had rushed to the attack of the 
migrating worms. The cellular invasion is definitely detrimental to 
ihe host, since it prevents the larvae from migrating up the bronchi 
and trachea and down into the digestive tract. The larvae, confined 
in the smaller air passages, usually metamorphose into adolescent worms, 
and some of the females succeed in invading the palisade epithelium 
of the bronchi, where they become established and produce progeny. 

An analysis has been presented of the significant relations of the 
worms to the intestinal wall. It is here that the majority of the matur- 
ing females establish themselves and oviposit. Most commonly the 
worms live in the duodenum and jejunum, but even the cardiac portion 
of the stomach and rectal walls may be parasitized. The mucosal layer 
is almost exclusively the seat of residence. The mother worms fre- 
quently tunnel through the epithelium of the crypts into the stroma, 
where they appear to lyse adjacent cells and lay their eggs. The eggs 
usually hatch in situ, and the rhabditiform larvae work their way into 
the intestinal lumen. Thus both mechanical and lytic damage is pro- 
duced, at times effecting a honeycombing of the depths of the mucosa, 
frequently associated with hyperplastic tips or even extensive sloughing 
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of the entire area involved. The presence of the worms in the mucosa 
evokes several types of response of the tissue in the host. The most 
unique and effective of these consists in adventitious encapsulation of 
the worms, usualiy followed by phagocytosis by the epithelioid cells. 
Larvae attempting to invade the muscularis mucosae are immediately 


‘surrounded by an infiltration of cells resembling a pseudotubercle. 


Extensively damaged tissue in any zone is subject to fibroblastic repair. 
In all of these local reactions eosinophils are conspicuously absent. 

Rarer foci of infection, such as the gallbladder, central nervous 
system and kidney, are considered. 

On the whole there is adequate evidence to warrant the conclusion 
that Strongyloides is relatively young in parasitism, still maintaining 
some of its free-living habits and tendencies. This probably accounts 
for its lack of preference for specific tissues, as well as for the variety 
of tissue reactions of its host. 
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RENAL CHANGES IN BILIARY STASIS AND 
DECOMPRESSION IN CATS 


HAROLD L. STEWART, M.D. 


A. CANTAROW, M.D. 
AND 
DAVID R. MORGAN, M.D. 
PHILADELPHIA 


The many references to observations on changes in the kidneys of 
human beings in conditions accompanied by biliary stasis are in marked 
contrast to the absence of controlled studies of this subject on experi- 
mental animals. We have found no reference to studies of renal changes 
following decompression of the obstructed biliary system in experimental 


animals. 
MATERIAL AND METHODS 


Ligation of the common duct was performed under ether anesthesia on four 
kittens and twenty-three nonpregnant adult cats, the ligature being subsequently 
released in sixteen instances by procedures described in a previous report. The 
duration of total stasis ranged from two to forty-two days, and that of decom- 
pression, from two hours to seven days. Specimens of renal tissue were obtained 
during stasis at either biopsy or autopsy and during decompression at autopsy. 
Specimens were obtained during both stasis and decompression in five cases. 
Autopsy was performed immediately after death induced by light ether anesthesia 
and bleeding or occurring spontaneously or following cardiac puncture in a few 
instances. 

Specimens were fixed in a dilute solution of formaldehyde U. S. P. (1:10). 
Some were frozen, sectioned and mounted either unstained or stained with nile 
blue sulphate, scarlet red, dilute eosin and methylene blue; others were blocked 
in paraffin, cut and stained with hematoxylin and eosin and Mallory’s and Van 
Gieson’s connective tissue stains. Frozen sections were examined under crossed 
Nicol prisms for the presence of doubly refractile substances. 


OBSERVATIONS DURING TOTAL BILIARY STASIS 


Gross Examination.—Gross changes were relatively inconspicuous. The kid- 
neys varied markedly in size and in the intensity of pigmentation, these features 
bearing no consistent relationship to the duration of stasis. In the majority of 
instances in which the kidneys were increased in size, the increase was due to 
widening of the cortex dependent apparently on an increased content of fat in this 
region. The tissues varied from bright yellow to dark brown and in many cases 


From the Pathological Laboratories of the Jefferson Medical College and 
Hospital, the Jefferson Hospital Tumor Clinic and the Laboratory of Biochemistry, 
Jefferson Hospital. 

1. Stewart, H. L., and Cantarow, A.: Am. J. Digest. Dis. & Nutrition 2: 
101, 1935. 


ve 
i = 
| 
| 
hy 
§ 
a 
3 


808 ARCHIVES OF PATHOLOGY 


turned characteristically grass-green after standing. Occasionally, wedge-shaped, 
pigmented areas extended from the tips of the pyramids to the surface. 


Microscopic Examination—Glomeruli and Bowman's Capsule: In no instance 
were significant changes noted in the glomerular tufts. In some cases the reticulum 
was diffusely brown and a few of the capsular spaces contained varying amounts 
of precipitated acidophilic granular material. 

Pigmentation: The degree of pigmentation varied in individual cases, and 
although it was not consistently proportional to the duration of stasis, in general 
the pigmentation of the kidneys was more marked in those cases in which biliary 
obstruction had been prolonged than in those cases in which it had been of brief 
duration. Bile pigment was present in the form of light yellow or brown granules 
in the tubular epithelial cells, being frequently most pronounced in those of the 
convoluted tubules and less prominent in Henle’s and the collecting tubules. This 
relative distribution was not constant, however, the intensity of pigmentation being 
most marked in the cells of Henle’s tubules in some cases and in those of the 
collecting tubules in others. In some instances the pigment appeared to occupy 
the cells diffusely, no definite granules being demonstrable. Bile-stained casts 
were found in various locations from the proximal convoluted to the collecting 
tubules, and occasionally the desquamated epithelial cells and precipitated protein 
material within the lumen of the tubules were bile-stained. 

Regressive Changes: Because of the great variability in the quantity and 
distribution of fat and lipoids in the kidney of the cat, little reliance can be placed 
on the appearance of the cytoplasm of the tubular epithelial cells in the deter- 
mination of the presence or extent of regressive changes. Moreover, in the 
presence of large amounts of lipoid material, the nuclei were frequently compressed, 
obscured and apparently diminished in number per field as a result of the swollen 
state of the individual cells. Therefore, in the determination of the presence and 
extent of regressive changes, reliance was placed chiefly on the qualitative changes 
in the nuclei. However, in those cases in which relatively small amounts of fat 
were present, the diminution in the number of visible nuclei was regarded as 
significant. 

Regressive changes, consisting of degeneration, necrosis or desquamation of the 
epithelial cells, when present were usually most marked in the convoluted tubules 
and Henle’s tubules. These changes were extremely variable in incidence, extent 
and severity and bore no consistent relationship to the duration of obstruction. 
In animals 4, 18 and 22 regressive changes were relatively marked, with biliary 
stasis of seven, fifteen and twenty-seven days’ duration, respectively ; moderate 
regressive changes were present in animals 13, 16, 48 and 2, stasis of ten, eleven, 
twenty-one and two days, respectively; these changes were slight in animals 5, 
8, 17a, 12, 7 and 1, with stasis of seven, eight, eight, eight, seven and two days, 
respectively ; the renal epithelium appeared to be normal in cat 11, with stasis of 
eight days’ duration. Cats 48 and 17a are not included in the tables because lipid 
studies were not made on them. 

In several instances the cells of the convoluted tubules and tubules of Henle 
were markedly swollen, at times to such a degree as to occlude the lumen com- 
pletely (fig. 1) ; this swelling was not consistently associated with lipoid or fat. In 
some cases these cells were desquamated, and in others the cytoplasm of the 
degenerated lining cells of the tubules appeared to be continuous with the granular 
débris within the lumen. 

Hyaline and bile-stained casts were present in the great majority of cases, 
their incidence and number being apparently independent of the extent of regressive 
changes in the tubular epithelial cells. 
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Regenerative Changes: Little definite evidence of active regeneration was 
noted in the kidneys of animals studied during total biliary stasis. Mitotic figures 
were not observed in any case; multinucleated cells were present in several 
animals, but their significance in this connection is uncertain because of the fact 
that similar cells were occasionally seen in the kidneys in control animals. 

Lipid: Lipids stainable with nile blue sulphate and scarlet red were present 
in twenty-three of the twenty-four animals with total stasis. The distribution 
was as follows: convoluted tubules only, three cases; Henle tubules only, three 
cases; convoluted and Henle tubules, twelve cases; convoluted, Henle and collect- 


Fig. 1—A, a section of the kidney (cat 4) after total biliary stasis of seven 
days, showing marked swelling of the convoluted tubular epithelium and encroach- 
ment on the lumen. B, a section of the kidney (cat 30) after decompression of three 
days’ duration, showing flattening of the tubular epithelium with widening of the 
lumen. 


ing tubules, four cases; convoluted and collecting tubules, one case. There was 
no consistent correlation between the quantity or distribution of lipids and the 
duration of stasis. These data are presented in detail in table 1. 

In the majority of instances the observations obtained by the use of nile blue 
sulphate were corroborated by the use of scarlet red preparations. Minor differ- 
ences were observed occasionally, usually differences in intensity of staining 
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rather than in distribution; these were not regarded as significant. Stainable 
lipids were occasionally present in the connective tissue and vascular structures 
between the tubules. In the nile blue sulphate preparations these were at times 
but not invariably identical in color with the lipids in the adjacent tubules. They 
were noted in the form of small granules, globular droplets and large, sausage- 
shaped masses. Fatty casts were frequently seen in the convoluted, Henle and 
collecting tubules. 

The distribution of lipids in the epithelium of the tubules was of interest. In 
several instances much more lipid was present in the convoluted tubules immedi- 
ately beneath the capsule than in those situated more deeply. Occasionally there 
was a sharp line of demarcation between the lipid-containing cells of the convoluted 
tubules and the lipid-free cells of Bowman’s capsule at the point of transition 
between these structures. Frequently the droplets of lipid in the Henle tubules 
were present in largest size and amount at about the midpoint of the descending 
limb. They diminished both in quantity and in the size of the individual droplets 
or granules above and below that point. Occasionally there was a difference in 
the quantitative distribution of stainable lipids in different portions of the kidney. 

The occurrence and distribution of doubly refractile lipids are indicated in 
table 1. There was no demonstrable relation between the presence, quantity and 
distribution of these substances and those of stainable lipids. Not infrequently, 
large quantities of doubly refractile crystals were present in places where no 
stainable lipids were observed. In some instances, however, an intimate relation- 
ship between these substances resulted in a rather marked irregularity of outline 
of the droplets of stainable lipid, particularly the larger globules in the midportion 
of the Henle tubules. Doubly refractile substances were frequently observed 
within the walls of blood vessels and in the surrounding connective tissue. 


OBSERVATIONS DURING BILIARY DECOMPRESSION 


Gross Examination—The kidneys varied markedly in size following release 
of the obstruction, this variation being dependent chiefly on differences in the 
width of the cortex as a result of variations in the fat content. This was appar- 
ently unrelated to the duration of obstruction or of decompression. The tissues 
varied from bright yellow to dark brown or grass-green. 


Microscopic Examination.—Glomeruli and Bowman's Capsule: The condition 
of the glomeruli and capsular spaces was essentially the same as that noted during 
stasis. 

Pigmentation: The intensity of pigmentation varied considerably during 
decompression as in stasis and comparative studies in five cases revealed no 
significant differences following decompression of from one to four days’ duration. 
In general, however, pigmentation was much less marked in the group of animals 
studied during decompression than in those with total biliary stasis. 

Regressive Changes: Comparative studies of the regressive changes in the 
renal tubular epithelium were made on five animals (1, 7, 2, 12 and 11) with 
stasis of two, seven, two, eight and eight days’ duration and decompression of 
twenty-four, seventy-two, twenty-four, twenty-four and two hours, respectively. 
Improvement was noted in two instances (cats 1 and 2) ; in two others (cats 7 and 
11) no significant change was observed; in one case (cat 12) in which regressive 
changes were slight following stasis of eight days’ duration, marked necrosis of 
the cells of the convoluted tubules was present twenty-four hours after release of 
the obstruction. 

In the group as a whole, the incidence and degree of regressive changes and 
the number of hyaline casts did not differ materially from the conditions observed 
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in the group of animals with total stasis. In three cats (34, 31 and 30 with 
stasis of twelve, seven and six days’ duration and decompression of one, two and 
three days’ duration) a marked change was noted in the condition of the con- 
voluted tubules immediately beneath the capsule, the lumens of which are com- 
monly occluded during stasis as a result of marked swelling of the lining epithelial 
cells and the presence of granular and hyaline débris. The lumens of the tubules 
in this situation were markedly dilated and more sharply outlined, the lining cells 
being distinctly flattened and the cytoplasm less vacuolated and more homogeneous 


(fig. 1). 


Fig. 2—A section of the kidney (cat 33) after eleven days of stasis and one 
day of decompression, showing large numbers of multinucleated giant cells in the 
renal tubules during biliary decompression. Magnification, about « 100. 


Regenerative Changes: Careful search revealed one mitotic figure in the con- 
voluted tubular epithelium in only one animal (cat 30), in which many cells were 
multinucleated and many nuclei hyperchromatic. One mitotic figure was noted 
in a glomerular tuft in one instance (cat 25). The multinucleated giant cells 
noted during total stasis were observed in several animals following release of 
the obstruction and were particularly prominent in cat 33 (4,280 Gm.; stasis for 
eleven days, decompression for one day, fig. 2). These cells, present in both the 
convoluted and the Henle tubules, varied in size, at times encompassing the area 
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ordinarily occupied by five or six cells and frequently containing from eleven to 
seventeen nuclei, the cytoplasm being swollen and acidophilic. 

Lipids: Following the reestablishment of the flow of bile, stainable lipids were 
observed in the tubular epithelium in every instance. The distribution was as 
follows: (1) convoluted tubules only, three cases; (2) convoluted and Henle 
tubules only, eleven cases, and convoluted, Henle and collecting tubules, two cases. 
These data are presented in detail in table 2 (fig. 3). 

No consistent change in quantity or distribution was noted in those cases in 
which studies were made both during stasis and during decompression. However, 


Fig. 3.—A section of the kidney (cat 30) after six days of stasis and three 
days of decompression, showing the extremely high lipid content of the cells of 
Henle’s tubules with few small granules in the cells of the convoluted tubules. 
Section fixed in formaldehyde, frozen and stained with nile blue sulphate; mag- 
nification, about 200. 


in cat 2, in which stainable lipid was present in the Henle tubules and not in the 
convoluted tubules during stasis, this distribution was reversed twenty-four hours 
after release of the obstruction. In cat 7 stainable lipids in the collecting tubules 
during stasis had disappeared at the end of three days’ decompression. 

In general the morphologic characteristics of the lipids and doubly refractile 
bodies in the kidneys in the animals studied during decompression were essentially 
identical with those noted during total biliary stasis. Of interest and possible 
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significance was the observation of an almost complete absence of lipid within the 
lumens of the collecting tubules in cat 26, despite the presence of such enormous 
quantities of lipid in the cells of the convoluted and Henle tubules that the lumen 
was frequently occluded. 

COMMENT 

Regressive Changes.—In no instance in the present series did the 
kidneys show a marked degree of extensive necrosis of the tubular 
epithelium during either stasis or decompression, although a relatively 
marked necrosis of the cells of the convoluted tubules was noted in 
cat 12 twenty-four hours after release of the obstruction. The most 
severe regressive lesions were relatively mild in comparison to changes 
described in the kidneys of human beings under similar conditions. 
The most prominent manifestation of regressive processes noted during 
stasis consisted in marked swelling of the cells of the convoluted tubules 
and, to a lesser degree, of the tubules of Henle. During decompression 
these cells tended to flatten, their outlines became more distinct and 
the previously occluded lumens tended to reassume normal dimensions 
and were frequently increased in diameter. The latter phenomenon was 
marked in the cells of the convoluted tubules situated immediately 
beneath the capsule. 

Frequently the presence and extent of regressive changes in the 
renal tubular epithelium of cats are difficult to determine because of 
the large quantity of fat frequently contained in these cells. The con- 
sequent vacuolated, granular and ragged appearance of the cytoplasm 
and the apparent relative diminution in the number of nuclei in paraffin 
sections may be deceptive and may simulate degenerative cytoplasmic 
changes even in the kidneys of normal animals. 

The lack of consistent correlation between the incidence or extent 
of regressive renal changes and either the duration of total biliary stasis 
or the restoration of the flow of bile suggests that the influence of these 
factors on the production of regressive changes in the kidney of the 
cat is relatively insignificant, at least following stasis of from two to 
forty-two days’ duration. Repeated determinations of the nonprotein 
nitrogen content of the blood invariably yielded normal results. These 
observations indicate that the cat apparently differs conspicuously from 
man in the morphologic and functional response of the kidneys to biliary 
stasis and decompression, if the changes frequently reported in human 
beings under these conditions can be attributed to these factors alone. 

Lipids.—It was noted as early as 1843 that the kidneys in carnivorous 
animals contain variable amounts of lipids under physiologic conditions 
(Gluge,? Foérster,* Schweigger-Seidel,* Beale, Parrot,’ Schachowa.’ 


2. Gluge, G.: Atlas der pathologischen Anatomine, Jena, F. Mauke, 1843, pt. 1. 
3. Forster, A.: Lehrbuch der pathologischen Anatomie, ed. 6, Jena, F. Mauke, 
1862, pt. 2, p. 520. 


(Footnotes continued on next page) 
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Cornil,* Rosenstein,” Israel,’ Peter,'' Mulon,'*? Zimmermann 
Schachowa made the observation that in the cat, as a rule, the fat is 
limited to the convoluted tubules while the Henle tubules are entirely 
free. This observation has been confirmed by subsequent investigators 
in the case of adult cats. 

The distribution of lipids in the pregnant cat differs from that in 
the normal nonpregnant animal in that it extends throughout the tubules 
of Henle as well as the convoluted tubules. The observations made by 
Modell and Travell '* in a recent review of this problem may be sum- 
marized as follows: The kidneys in fetal and new-born cats contain 
only small amounts of lipid in the form of fine granules situated at the 
junction of the proximal convoluted tubule and the descending limb of 
Henle’s loop. With increasing age the lipids extend toward the 
glomerulus until in the adult cat the granules, which have become 
progressively larger, almost fill the cells of the convoluted tubules. How- 
ever, they do not extend into the glomerular epithelium or into the 
loops of Henle in appreciable amounts, except temporarily during 
pregnancy. The quantity and distribution of lipids in the kidney of the 
cat are independent of diet, the state of nutrition or the amount of 
intracellular lipids in other viscera. Modell '® expressed the belief that 
the renal lipids are in some way related to the functional activity of 
the kidney. Anesthesia, including that induced by chloroform, ether, 
procaine (local) and sodium amytal, is apparently without specific effect 
in determining variations in the quantity or distribution. 

The data accumulated in the present investigation indicate a striking 
deviation from the normal distribution of lipids during total biliary 
stasis and decompression. The exact significance of this observation 
is not readily apparent. However, there is a considerable amount of sug- 
gestive evidence against the probability that the presence of lipids in 


4. Schweigger-Seidel, F.: Die Nieren der Menschen und der Saugethiere 
in ihrem feineren Baue geschildert, Halle, 1865. 

5. Beale, L. S.: Kidney Diseases, London, J. Churchill & Sons, 1869. 

6. Parrot, quoted by von Moellendorff, W.: Handbuch der mikroskopischen 
Anatomie des Menschen, Berlin, Julius Springer, 1930, vol. 7, pt. 1, p. 86. 

7. Schachowa, S.: Untersuchungen tiber die Nieren, Bern, Stampfli, 1876. 

8. Cornil, V.: J. de l’anat. et physiol. norm. et path. 15:402, 1879. 

9. Rosenstein, S.: Die Pathologie und Therapie der Nierenkrankheiten, 
Berlin, A. Hirschwald, 1886, vol. 3, p. 339. 

10. Israel, O.: Practicum der pathologischen Histologie, Berlin, A. Hirsch- 
wald, 1893, vol. 2, p. 361. 

11. Peter, K.: Untersuchungen tiber Bau und Entwickelung der Niere, Jena, 
Gustav Fischer, 1909, vols. 1 and 2. 

12. Mulon, P.: Compt. rend. Soc. de biol. 66:434, 1909. 

13. Zimmermann, K. W.: Arch. f. mikroskop. Anat. 78:199, 1911. 

14. Modell, W., and Travell, J.: Anat. Rec. 59:253, 1934. 

15. Modell, W.: Anat. Rec. 57:13, 1933. 
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such abnormal situations as the tubules of Henle and the collecting 
tubules is a part of a degenerative process. There was no consistent 
correlation between the distribution of stainable lipids and the localiza- 
tion of demonstrable regressive changes in paraffin sections. In many 
cases regressive changes were noted in areas in which there were no 
stainable lipids, and vice versa, large quantities of stainable lipids 
could be demonstrated at times in apparently normal tubular epithelial 
cells. This was true of kidneys studied during both stasis and decompres- 
sion. Comparative observations in the present series bear out those 
reported by previous investigators (Peter,' Traina'® and Modell 
on normal animals in that the quantity and distribution of lipids in the 
kidney were entirely unrelated to the state of nutrition and to the 
quantity and distribution of stainable lipids in the liver. However, 
the unformity in distribution of lipids throughout all nephrons in normal 
cats reported by Schachowa was not noted in all cases during stasis or 
decompression. 

The observations of Modell and Travell '* regarding changes in the 
lipids of the renal tubules in the cat following the administration of 
uranium are of interest in this connection. These investigators reported 
alterations in distribution which were almost identical with those noted 
in the present study. In earlier reports Smith** and also Modell 
suggested that the lipoid in the renal tubules in the cat probably plays 
some role in renal functional activity, or that it may be a metabolite 
that is not useful in animal economy. Modell and Travell ™ stated the 
belief that the lipoid response to uranium intoxication is not a part of 
a degenerative process analogous to fatty degeneration of the liver in 
chloroform intoxication. It was suggested that the extension of lipoid 
into the Henle tubules might constitute a mechanism for the maintenance 
of the function of the lipoid elsewhere in the tubule than in the con- 
voluted portions following damage to this site by uranium. This 
hypothesis is not substantiated by observations made in the present study 
in which large quantities of stainable lipids were present in the Henle 
tubules in the absence of definite degenerative changes in the convoluted 
tubules. One feature of interest which supports the view of the non- 
degenerative origin of these lipids is the fact that at times little or none 
was present within the lumen of the tubules in cases in which enormous 
quantities were contained in the epithelial cells of the convoluted, Henle 
and collecting tubules. 

Biliary stasis is apparently accompanied by some reaction in the 
kidney of the cat, as indicated by an abnormal distribution of stainable 
lipids in the tubular epithelium, despite the absence of marked regressive 


16. Traina, R.: Beitr. z. path. Anat. 35:1, 1904. 
17. Smith, C.: Am. J. Anat. 27:69, 1920. 
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changes. The available evidence suggests that these changes in lipids 
are not fundamentally regressive but rather represent a functional or 
metabolic response to some form of abnormal stimulation. 

Studies were not made to determine how soon after ligation of the 
common duct these changes are initiated, but they were present at the 
end of forty-eight hours in two instances. Neither do our studies 
indicate how soon restoration of the normal distribution of lipid follows 
the restoration of the flow of bile. Essentially normal results were 
obtained in three instances (cats 2, 31 and 7) twenty-four, forty-eight 
and seventy-two hours, respectively, following release of the obstruction ; 
in cat 2 a distinctly abnormal distribution had been present before 
decompression (two days’ stasis). On the other hand, abnormal results 
were noted in animals with periods of decompression ranging from 
two hours to seven days. No information is available regarding the 
quantity and distribution of doubly refractile lipoids in the kidney of 
the normal cat. They were extremely variable in both respects during 
stasis and decompression and were apparently entirely unrelated to the 
presence of regressive changes or of stainable lipids. 


SUMMARY 


Regressive changes in the kidney of the cat during total biliary stasis 
and during biliary decompression are extremely variable and relatively 
inconspicuous as compared to regressive changes in human subjects under 
similar conditions. 

No definite evidence was obtained of active regeneration of renal 
tubular epithelium during either biliary stasis or decompression. 

Alteration in the distribution of stainable lipids constituted the most 
striking and constant abnormal feature observed in the kidney during 
both stasis and decompression. The lipid granules and droplets, normally 
confined practically entirely to the cells of the convoluted tubules, were 
almost invariably present in the cells of the Henle tubules also and 
in a few instances in the collecting tubules. These observations closely 
resembled those described in cats with “uranium nephritis.” In only 
one instance was decompression accompanied by a striking change in 
the distribution of lipids from that present during stasis. 

Aside from the fact that the abnormal distribution was observed as 
early as two days after ligation of the common duct and as late as 
seven days following restoration of the flow of bile, no definite state- 
ment can be made regarding the time of appearance of this phenomenon 
during stasis or regarding its persistence during decompression. 

The evidence at hand suggests that the appearance of lipids in the 
renal tubular epithelium is not a part of a regressive process. The lipids 
may be essentially metabolic in origin or related to the functional activity 
of the renal tubular epithelium. 
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GENERALIZED DISSEMINATION OF GIANT CELLS IN 
LYMPHOID TISSUE IN PRODROMAL STAGE 
OF MEASLES 


BURR M. HATHAWAY, M.D. 
AKRON, OHIO 


In 1931 Warthin' and Finkeldey * described independently multi- 
nucleate giant cells in the tonsils and adenoids and adjacent mucous 
membranes in the prodromal stage of measles. Warthin ' observed them 
in the tonsils and adenoids in four cases and described them as large 
syncytial, multinucleate giant cells, averaging about 100 microns in 
diameter, round or irregularly lobulated and with as many as a hundred 
nuclei arranged in a grapelike cluster in the center of the cell. He 
observed them in a narrow zone beneath the epithelium of the surface 
and crypts of the tonsils, in the mucosa between the epithelial cells and 
in the lymphoid tissue in and around the germinal centers. * His impres- 
sion was that they arose by amitotic division from hyperchromatic cells 
resembling lymphocytes in the subepithelial reticulo-endothelial layer 
and in the germinal centers and that they wandered toward and into 
the mucosal epithelium. The nuclei showed various stages of karyor- 
rhexis and pyknosis. Warthin interpreted these cells as defensive and 
thought they might contain the etiologic agent of measles, though he 
was unable, by numerous staining methods, to demonstrate such an 
agent. 

Finkeldey * observed similar giant cells in the tonsils and adenoids 
in one case. He described them as giant cells occurring in such numbers 
and sizes as he had never before seen in the tonsil. The number of 
nuclei averaged over one hundred per cell. The nuclei were approxi- 
mately round, had a fine radiating network structure and contained 
a central nucleolus. The cytoplasm was somewhat basophilic, in places 
finely granular and in others with a foamy appearance. He noted these 
cells in the intercellular spaces of the reticulum, and he too considered 
them reactive in character. 

Since the appearance of these two papers, other cases have been 
reported, in which identical cells were observed in the lymphoid tissue 
and mucosa of appendixes removed during the prodromal stage of 
measles. Finkeldey* again described the same type of cell in an 


From the Pathological Laboratory of the Children’s Hospital. 
1. Warthin, Aldred Scott: Arch. Path. 11:864, 1931. 

2. Finkeldey, W.: Virchows Arch. f. path. Anat. 281:321, 1931. 
3. Finkeldey, W.: Virchows Arch. f. path. Anat. 284:518, 1932. 
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appendix showing severe ulcerative inflammation. The giant cells were 
noted in the lymphoid tissue, and in this patient typical measles devel- 
oped two days after the operation. He concluded that these cells must 
be a specific reaction to the virus of measles or to its toxin. 

Herzberg * described the case of a child of 6 years with clinical evi- 
dence of acute appendicitis, whose appendix showed, in addition to the 
inflammatory process, numerous giant cells in the lymphoid follicles. 
Typical measles developed on the fourth postoperative day. 

Davidsohn and Mora * reported the case of a 6 year old boy in whose 
appendix a gangrenous process was found. On the third day after the 
operation the patient broke out with measles, and a reexamination of 
the sections, prompted by Herzberg’s report, revealed giant cells in 
the lymphoid tissue and mucosa similar to those shown in the photo- 
graphs published by other authors. In addition, these investigators 
reported three other cases in which appendectomy was performed. The 
appendix of one of these patients, who was in the prodromal stage, 
showed many giant cells, that of a patient with full-blown measles 
showed a few small giant cells, and that of the third patient, who had 
recently recavered from measles, contained no giant cells. 

In 1933 Fischer ° added to the literature the description of another 
case in which giant cells occurred in the appendix. The appendix in 
this case was removed because of abdominal symptoms following several 
days of illness after the patient, a 6 year old boy, had been overexposed 
to the rays of the sun. The appendix showed no gross or microscopic 
evidence of inflammation, though oxyuriasis was observed. Microscopic 
examination revealed many giant cells in the germinal centers and sub- 
mucosa, and a diagnosis of measles was reported to the clinicians. The 
presence of any clinical evidence of this disease was denied, but one 
and one-half days after the operation the typical eruption appeared. 
The author discussed Warthin’s and Finkeldey’s papers and reported 
his own inability to observe inclusion bodies or micro-organisms in the 
giant cells. : 

Schultze,’ in a paper appearing also in 1933, described still another 
case with giant cells in the appendix. The patient was a 10 year old 
girl with clinical symptoms of appendicitis, whose appendix after opera- 
tion showed evidences of old inflammation but none of a recent active 
process. The mesenteric lymph nodes were considerably enlarged. 
Microscopically, Schultze observed dark-staining giant cells lying in the 
mucosa between the epithelial cells, in the submucosa and in the germinal 
centers of the lymphoid tissue. Those in the germinal centers were less 
clearly defined and were apparently undergoing degeneration. The 


4. Herzberg, Mortimer: J. A. M. A. 98:139, 1932. 

5. Davidsohn, I., and Mora, Jacob M.: Arch. Path. 14:757, 1932. 
6. Fischer, W.: Beitr. z. path. Anat. u. z. allg. Path. 91:474, 1933. 
7. Schultze, W. H.: Miinchen. med. Wchnschr. 80:576, 1933. 


1 
| 
i 


HATHAWAY—GIANT CELLS IN TISSUE IN MEASLES 821 


nuclei of the giant cells were round and about 10 microns in diameter. 
There were abundant lymphoid tissue in the appendix and fibrosis of 
the subserosa. With the reports of Finkeldey and Fischer in mind, the 
author made a diagnosis of measles. The child broke out with a typical 
rash on the day following the operation. 


In addition to these papers all of which have appeared relatively 
recently, another article should be mentioned—that of Alagna,* pub- 
lished in 1911, and referred to by Finkeldey in his first paper and by 
Davidsohn and Mora, though entirely unknown to Warthin when he 
reported his cases. Alagna gave a careful and detailed description of 
the mucous membrane and lymphoid tissue of the upper respiratory 
tract in eight children dying during the course of measles. He stressed 
certain changes in the endothelial cells of the lymphoid follicles in 
which the nuclei were divided into several large masses of chromatin. He 
noted these structures consistently, though they were sometimes with 
and sometimes without definite surrounding cytoplasm. He compared 
the appearance of the masses to that of nuclei of megakaryocytes. This 
author, undoubtedly, saw the giant cells which I am now describing, 
though, since his patients had passed the prodromal stage, the cells had 
probably undergone more or less degeneration. 


Owing probably to the infrequency of death during the early stages 
of the exanthems, no report has appeared in the literature describing 
the observations at autopsy in a case in which giant cells were present. 
Because of the interest already manifested in the subject and the pos- 
sibility that the observations may lead to advancement in the knowledge 
of these cells, I wish to describe a case in which the patient came to 
autopsy while in the prodromal stage of measles. 


REPORT OF A CASE 


A white boy, 2% years old, was said to have had whooping cough for ten days 
before coming to the hospital; fever, loss of appetite and constipation had developed 
two days prior to admission, At the time of admission the temperature was 
103.6 F.; the pulse rate, 172 per minute and the respiratory rate, 40 per minute. 
He was having continuous convulsions. The abdomen was distended but was 
neither tender nor rigid. The conjunctivae were congested, and the nasal and 
pharyngeal mucous membranes were acutely inflamed. Two days before the child 
was brought to the hospital, measles had developed in an older child in the family. 
It was learned that the patient himself had also been exposed to measles and was 
due to break out in a day or two. No rash or Koplik spots appeared, however, 
during observation, and the patient’s condition grew steadily worse until death 
occurred about forty hours after admission. 

The autopsy revealed a generalized fibrinopurulent peritonitis, resulting from 
perforation of a suppurating appendix. The appendix was adherent well under 
the edge of the liver and had failed to produce symptoms or signs leading to a 
correct clinical diagnosis. 


8. Alagna, G.: Arch. Laryng. u. Rhin. 25:527, 1911. 
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Microscopic sections of the peribronchial, retroperitoneal and peripancreatic 
lymph nodes and of the spleen showed many multinucleate giant cells. These 
giant cells were noted, not in the germinal centers, but in the surrounding lymphoid 
tissue. They appeared to have arisen from the reticulo-endothelial cells of the 
sinuses. They varied from 15 to 100 microns or more in diameter and had from 


4, 


Fig. 1.—A is a section of the spleen showing a number of small giant cells with 
pyknotic nuclei; B, a section of a lymph node showing giant cells and reticulo- 
endothelial hyperplasia. Magnification, x 250. 


eight or ten to forty or fifty round, granular nuclei, which were clustered together, 
usually in the center of the cell. The cytoplasm was moderately abundant and 
slightly basophilic. The cell outline was extremely variable, no particular form 
being characteristic. Considerable phagocytic activity was observed. Many leuko- 
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cytes had been, and were being, phagocytosed by the giant cells and the neighbor- 
ing hyperplastic reticulo-endothelial cells. Many nuclei of the giant cells showed 
pyknosis and early karyorrhexis (figs. 1 and 2). In addition, many of the lymph 
nodes and the spleen showed exhaustion of the lymphoid tissue of the germinal 


Fig. 2.—A represents giant cells in a peribronchial lymph node; B, a large 
giant cell in a lymph node. Magnification, x 1,000. 


centers, and the lymph nodes showed marked reticulo-endothelial hyperplasia. The 
tonsils were not examined. The lymphoid tissue of the gastro-intestinal tract, 
including that of the appendix and the mesenteric lymph nodes, failed to show 
giant cells. 
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COMMENT 


The absence of giant cells in the appendical and intestinal lymphoid 
tissue and mesenteric nodes is further evidence in favor of the point 
made by Davidsohn and Mora® that these cells are rarely seen in 
lymphoid tissue draining regions in which severe inflammatory changes 
are present. The giant cells in this case, while numerous in the regions 
in which they were noted, were not as large and did not contain as 
many nuclei as some of those described by other observers in tissues 
removed three or four days before the eruption occurred. According 
to the history, this patient was late in the prodromal stage at the time 
of death, and this fact may account for the stage of degeneration in 
which the giant cells were seen. Davidsohn and Mora’ noted fewer 
and smaller giant celis during the stage of eruption. Warthin’ and 
Finkeldey * considered these cells as a manifestation of the body’s reac- 
tion to the etiologic agent of measles, and the widespread dissemination 
observed in this patient shows the reaction to be generalized, as one 
would expect in a generalized infection. 

Thus far, this type of giant cell seems to be characteristic of measles 
before the stage of eruption. It is unlike other giant cells in appear- 
ance and location. In view of the fact that these cells were first described 
and their relation to the prodrome of measles pointed out by Warthin 
and Finkeldey independently, I propose that they be called the Warthin- 
Finkeldey giant cells. 

This case serves to emphasize the point, which has been made by 
other observers, that in cases of the exanthems (measles at any rate) 
the abdominal symptoms so often present may have an organic basis 
with serious consequences if left undiagnosed. 


SUMMARY 


A case is reported in which the patient came to autopsy in the 
prodromal stage of measles and in which the characteristic multinucleate 
giant cells, as already described in the tonsils and appendix, were 
observed in the spleen and in scattered lymph nodes. It is suggested 
that these giant cells be called the Warthin-Finkeldey giant cells. Atten- 
tion is called again to the possible importance of abdominal symptoms in 
cases of the acute exanthems. 
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MECHANICAL PRODUCTION OF CAVITIES IN 
ISOLATED LUNGS 


SYLVAN E. MOOLTEN, M.D. 
NEW YORK 


By means of a bronchoscopic punch forceps introduced through the 
bronchi of isolated unopened human and calf lungs it was possible to 
produce mechanical laceration and rupture of the bronchial walls and 
surrounding lung tissue and to remove various amounts of tissue so as 
to produce gross defects. Observations, beth by means of roentgeno- 
grams and on section, were made on the lungs before and after inflation. 
Fixation was accomplished under negative pressure inflation by means 
of an apparatus previously described.' 

A number of control observations were made to determine the form 
taken by lacerations and defects in the lung tissue when not subjected 
to inflation. (In some cases previous inflation had been performed 
before use of the punch in order to dissipate atelectasis.) In all such 
specimens, examined both by means of roentgenograms and after sec- 
tioning, simple lacerations were represented merely as elongated tears, 
and defects produced by the punch were seen as irregular, chewed-out 
excavations depending for size and shape on the manner in which the 
punch was manipulated (fig. 1). 

The effects of inflation were interesting and, to a certain extent, 
uniform. The amount of pressure used for inflation was well within 
the limit necessary to distend the lung to its maximal physiologic size 
and in the case of the human lungs was generally a negative pressure 
of from 20 to 30 cm. of water. In all experiments round cavities 
were produced. In cases in which simple lacerations had been made 
along the bronchial walls the cavities were elongated, slightly tortuous, 
smooth-walled tunnels with slightly scalloped surfaces and narrow 
ridges; these simulated closely the appearance of bronchiectases (as 
seen in the inflated fixed lung) and often ended in larger spherical 
cavities. Where a measurable amount of lung tissue had been chewed 
out, a balloonlike cavity of large size was produced with a smooth, 
rounded inner surface except for a number of ridges or thin, tightly 
stretched bands of fibrous tissue or vessels. A definite wall was formed 
about the cavity by a narrow zone of collapsed lung tissue, visualized 


From the laboratories of the Mount Sinai Hospital. 
1. Moolten, S. E.: A Simple Apparatus for Fixation of Lungs in the Inflated 
State, Arch. Path., to be published. 
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in the roentgenograms as a definite, thin, annular shadow. The size of 
the cavities was determined much more by the amount of pressure 
exerted during inflation than by the original amount of lung substance 
removed. ‘The largest cavities were produced when much of the fibrous 
support of the parenchyma of the lung, i. e., the interlobular septums, 
also had been broken down. When the original defect was placed close 
to the pleura, there was noted a more pronounced bulging of the sur- 


Fig. 1—Section of a calf’s lung showing typical punch defect (uninflated 
control specimen). 


face of the lung at this point during inflation and the greatest stretching 
took place in this region. 

When the lungs were observed fluoroscopically the area of the defect 
was seen as a small rarefaction before inflation was started, and as the 
entire lung began to expand the size of the defect increased enormously. 
As long as expansion was maintained the large round cavity was also 
maintained, but when the lung was allowed to deflate, the cavity 
decreased proportionately. However, the cavity never returned to its 
original preinflation size or shape unless the lung was deflated by suction, 
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thereby causing uniform, marked shrinkage of the whole lung. The 
amount of suction applied to the bronchus that effected collapse of the 
cavity was not very great, being the equivalent of a positive pressure 
of about 20 or 30 cm. of water outside the lung. The same result was 
obtained by direct experiment, i. e., blowing air into the suction jar 
instead of exhausting it from the lung. Occasionally a cavity was 
created by inflation which withstood every effort to collapse it by suction 


Fig. 2—Gross appearance of a calf’s lung inflated after the production of a 
punch defect. Note the laceration and widening of the bronchial wall at its junc- 
tion with the cavity. 


or positive pressure outside the lung, and cross-sections made through 
the cavity revealed that it had been formed within one of the larger 
interlobular septums and sealed off from the bronchi as if by a valvular 
flap. Some of these interstitial cavities were as large as billiard balls 
and were perfectly spherical. 

By means of experiments such as those described it was possible to 
simulate spherical cavities with thin walls, bullous emphysema, saccular 
bronchiectases and cystic disease of the lung (figs. 2 to 4). The walls 
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of these cavities were examined microscopically and revealed a narrow 
zone of completely collapsed lung tissue in which alveoli, connective 
tissue septums and the flaring openings of small bronchi were found. 
In most cases two or more draining bronchi could be traced which 
opened directly into the cavities without the slightest suggestion of 
valvelike narrowing. In fact, the bronchi actually tended to widen as 
they approached the cavity, depending on the degree of laceration pre- 
viously inflicted on their walls. 

Since relatively normal lungs were used in these experiments it 
would be hazardous to translate the results too directly into terms of 
disease, but certain general statements may be permissible. In the first 


Fig. 3—Gross appearance of a human lung inflated after the production of 
multiple punch defects. Note the rounded contour of the individual cavities and 
the resemblance to cystic disease of the lung. 


place it must be recognized that any solution of continuity in lung tissue 
produces an area of lowered resistance to inflation. Since the natural 
elasticity and fibrous framework of the lung offer a more or less uni- 
form resistance to inflation everywhere, the effort of breathing must 
more than overcome this resistance in order to expand the lung. An 
area of abnormal yielding to inflation must necessarily expand more 
rapidly and to a greater extent than the rest of the lung. Inflation of 
the lung is accomplished by the creation of a difference in pressure 
within the lung from that around it, 1. e., the intrabronchial pressure 
becomes relatively higher than the intrapleural pressure. Hence the 
laws of transmission of pressure within fluids apply here, viz., that an 
increase of pressure within a gas is transmitted equally in all directions. 
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From this it follows that any defect in the lung tends to assume a 
spherical contour during inflation and to grow in size until the elastic 
resistance of its wall equals that of the remainder of the lung at any 
given level of intrapulmonary pressure. 

In the mechanical production of pulmonary cavities, therefore, two 
factors are necessary: One is the laceration of the fibro-elastic frame- 
work of the lung in order to produce an area of abnormal yielding to 
stretching by inflation; the other is the inflation of the lung whereby 
lacerations and defects assume a rounded shape as they expand, accord- 
ing to the laws of transmission of pressure by fluids. Certain subsidiary 


Fig. 4.—Section of a human lung inflated after the production of a linear lacera- 
tion. Note the resemblance to saccular bronchiectasis. 


factors also play a part, such as the effect of previous overstretching 
in producing an area of permanently reduced resistance to inflation and 
also the fact that defects in an elastic tissue tend to grow and approach 
a rounded shape merely as a part of the stretching of the tissue as a 
whole. The latter phenomenon may be reproduced in a sheet of rubber 
tissue, as shown by Reinders.* Because of the disproportionate expan- 
sion of defects and laceration, it is inevitable that a certain degree of 
atelectasis should be developed in the walls of the cavities thus formed. 
This is seen in the roentgenogram as an annular shadow and may be 
confirmed microscopically, 


2. Reinders, D.: Ztschr. f. Tuberk. 51:438, 1928. 
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It should be clear from these experiments that in the isolated lung, 
at least, it is necessary for the lung to become inflated to have typical 
cavities form, but whether or not these observations apply in pulmonary 
disease can only be surmised. A close parallel may be cited in the thin- 
walled, round cavities seen in some cases of tuberculosis.* These appear 
in the roentgenogram as annular shadows (“ring shadows”). Because 
of their tendency to develop rapidly or, conversely, to disappear alto- 
gether for longer or shorter intervals, they were formerly the subject 
of much discussion until their true nature was determined.* They have 


Fig. 5.—Roentgenogram (before sectioning) of the calf’s lung shown in figure 2. 


been shown to arise in an area of tuberculous infiltration with necrosis 
resulting in loss of tissue.* According to Bronkhorst,*! their rapid 
enlargement is due to the inflammatory relaxation of elastic tension in 
the surrounding lung. Morland *” preferred the inflation theory but 
invoked the valve mechanism suggested previously by Pearson * and 


3. Pinner, M., and Parker, M. E.: Am. J. Roentgenol. 25:454, 1931. 

4. (a) Laurell, H.: Acta radiol. 10:73, 1929. (b) Morland, Andrew: Lancet 
2:1311, 1933. (c) Alexander, H.: Ztschr. f. Tuberk. 56:1, 1930. (d) Pearson, 
S. Vere: Brit. M. J. 1:380, 1930. (e) Roubier, C., and Treppoz, M.: J. de méd. 
de Lyon 11:597, 1930. (f) Bronkhorst, W.: Beitr. z. Klin. d. Tuberk. 72:36. 
1929. 
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later elaborated by Coryllos.* The rapid disappearance of the annular 
shadows is therefore explained by the conversion of the partial bronchial 
obstruction into a complete obstruction. That ordinary physiologic 
expansion of the lung may also be an adequate cause of enlargement 
and persistence of a cavity in the presence of a defect of the lung tissue 
was suggested by Coryllos*® and by Overholt.’ The wall of a cavity 
which forms a ring shadow is considered as a zone of infiltration * or 
merely as a zone of atelectasis.“ 


Fig. 6. Roentgenogram of a human lung after the intrabronchial injection of 
a sodium iodide mixture to show the artificial bronchiectases produced by the 
mechanical laceration of bronchi. 


The persistence of cavities in spite of compression by means of 
pneumothorax in many cases suggests an explanation drawn from the 
experiments described herein. Since the size and persistence of an 
experimental cavity depend on greater yielding of an area of defect 
than of the rest of the lung during inflation, it follows that the cavity 
will persist as long as any expansion of the lung takes place. There- 


5. Coryllos, P. N.: J. A. M. A. 100:480, 1933. 

6. Alexander.#¢ Roubier and Treppoz.*e Coryllos.® 

7. Overholt, R. H.: New England J. Med. 208:823, 1933. 

8. Pinner and Parker. Roubier and Treppoz.*¢ Bronkhorst.‘f 
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fore, nothing short of complete collapse of the lung through all phases 
of respiration will, theoretically, permit the cavity to disappear (this 
explanation presupposes that the draining bronchus remains patent 
throughout). 

In severe bronchiectasis with large sacculations an entirely analogous 
situation exists. Theories of its pathogenesis in general converge more 
or less to the point of view of a primary destructive lesion of the 
bronchial wall with ulceration into the surrounding lung tissue.” Among 
the factors leading to the formation of definite sacculi and cavities the 
dilating action of normal inspiration and of coughing has been accepted, 
and atelectasis of the peribronchial parenchyma has been demonstrated. 
For example, in an extreme case of bronchiectasis observed in the Mount 
Sinai Hospital the entire left lung was revealed by x-ray examination 
to be occupied by numerous round cavities with fairly thick walls, the 
sequelae of postinfluenzal suppurative pneumonia fourteen years pre- 
viously. At autopsy these cavities were found to communicate freely 
with the bronchi, no other recognizable pulmonary tissue remaining. 
In a woman, aged 36, a similar picture was seen following right ven- 
tricular failure as a result of extensive fibrosis of the upper lobes of 
both lungs (healed hematogenous interstitial tuberculosis). It would 
seem that the most plausible explanation for the spherical shape of the 
cavities in such cases is suggested by the fact that through gross loss 
or coalescence of lung tissue the dilated bronchi and alveoli which 
remain are required to support the entire pressure of inspiration and 
because of their weakened state are readily dilated into large, round 
cavities. 

SUMMARY 


A description is given of a method whereby defects simulating 
smooth-walled, round cavities, bronchiectases, emphysematous bullae, 
and cystic disease of the lung may be produced mechanically in the 
isolated lung. The underlying principle is laceration of the fibro-elastic 
framework of the lung followed by inflation. The size of the cavities 
is disproportionate to the degree of laceration or loss of lung substance 
but depends principally on the amount of pressure during inflation. 
Regardless of the direction or extent of laceration or the shape of the 
defect produced by the forcible mechanical removal of pulmonary tissue, 
inflation invariably results in the formation of one or more smooth- 
walled, rounded cavities. These experiments suggest that cystic disease, 
bullous emphysema, saccular bronchiectases and the cavities of tuber- 
culosis or abscess of the lung are products of the same mechanical 
factors and differ only in degree and distribution. 


9. Erb, I. H.: Arch. Path. 15:357, 1933. Hedblom, McNeil et al, cited by 
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Case Reports 


PERSISTENT TRUNCUS ARTERIOSUS IN A MAN 
AGED THIRTY-SIX YEARS 


F. BenyAMiIn Carr, M.D.; Raymonp H. Goopare, M.D., anp 
A. E. P. Rockwett, M.D., Worcester, Mass. 


The case which we report represents a somewhat rare type of con- 
genital heart disease. Persistent truncus arteriosus appeared only thirty- 
four times in Abbott’s thousand cases of congenital heart disease ;' in 
twenty-one it was listed as the primary lesion and in thirteen as com- 
plicating other defects. The prominent features observed in the heart 
at autopsy in our case were: (1) An enlargement of the heart with the 
right ventricle predominantly hypertrophied ; (2) a defect in the inter- 
ventricular septum; (3) a common arterial trunk (persistent truncus 
arteriosus ) straddling the septal defect ; (4) two large, partially calcified 
valvular cusps at the orifice of the truncus arteriosus, and (5) two 
large pulmonary arteries arising from the truncus arteriosus. 

This case was unique in three respects: 1. As far as we have been 
able to ascertain no similar case has been reported in which only two 
cusps have guarded the orifice of the common arterial trunk. This 
statement has been corroborated by Abbott. 2. The patient lived to be 
36 years and 2 months old. Thirty-three years has been the greatest 
age reported for a patient with this type of congenital defect (Siegmund, 
cited by Abbot '). 3. The patient had no clubbing of the fingers and only 
moderate cyanosis until just prior to death. This probably is explained 
by reason of the large caliber of the pulmonary arteries. 

It may be well to describe briefly the process of development in utero 
of the interventricular septum and the formation of the two main 
arterial trunks. About the fourth week the interventricular septum 
begins to develop, arising on the antero-inferior wall of the common 
ventricle. It grows superiorly and posteriorly until its upper margin 
unites with the septum which develops in the truncus arteriosus. Thus 
the ventricle is divided into two chambers—the right and left ventricles. 
The division of the common arterial trunk by a septum occurs in the 
fifth week and proceeds in such a way as to cause the two resultant ves- 
sels, the aorta and the pulmonary artery, to assume their normal 
anatomic relationships. The failure of either of the original septums to 
develop completely results in a so-called interventricular septal defect. 

The six semilunar cusps of the aorta and the pulmonary arteries 
arise from four swellings on the walls of the original truncus. The 
growth of the septum divides two of these swellings, leaving two intact, 
thus creating three cusps in each resultant vessel. Consequently, failure 


From the Departments of Cardiology and Pathology, City Hospital. 
1. Abbott, M. E.: Congenital Heart Disease, in Nelson New Loose-Leaf 
Medicine, New York, Thomas Nelson & Sons, 1932, vol. 4, p. 229. 
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of the septum to develop should leave the four cusps intact. In cases 
of persistent truncus arteriosus the presence of four and also of three 
cusps has been reported. In most of the cases in which there were three 
cusps it was possible to demonstrate some vestiges of a fourth (Feller, 
cited by Abbott’). In our case there were only two large cusps. 
Although there were some calcified areas on the two cusps, we could 
not be sure that these represented a previous division of the cusps. We 
can offer no explanation for the presence of only two cusps other 
than that this was a congenitally bicuspid aortic valve resulting from 
the incomplete differentiation of the primordial segment. 


REPORT OF A _ CASE 


The patient was a 36 year old man (born on Feb. 22, 1897). About three 
days previous to his death the car which he was driving became stuck in the 
snow. To get the car started required considerable physical exertion as well as 
emotional strain. Following this incident he complained of shortness of breath 
and pounding of the heart and was forced to remain in bed. He grew progres- 
sively worse and died on April 23, 1933. 

His parents stated that they had known that he had heart trouble ever since 
his birth and that they had not expected him to live long. He had not been 
cyanotic as a baby. He did not walk until 3 years of age, chiefly because his 
parents did not encourage him to do so. Strangely enough, in spite of this handi- 
cap he was a moderately well child. The only disease of childhood that he had 
was scarlet fever at 6 years. He never had anything suggestive of a rheumatic 
infection. When at rest he was not cyanotic, but slight exertion would cause his 
lips and fingers to become bluish and would be accompanied with some dyspnea. 
Realizing the severity of the lesion and the importance of having the patient live 
a life well within the range of a much limited cardiac reserve power, one of us 
(A. E. P. R.), who cared for the patient practically all his life, advised him to 
take up bookkeeping. The patient was able to work at this occupation steadily 
and lost little time because of physical incapacity. He had no real attack of 
cardiac failure until during his terminal illness. 

On April 22, 1933, physical examination showed a thin, cyanotic young man 
sitting up in bed and breathing with great difficulty. Cyanosis was most marked 
about the lips, tongue and finger-tips and was only slightly deeper than the 
cyanosis seen during congestive failure in a person dying of rheumatic heart 
disease. There was no definite clubbing of the fingers. The veins of the neck were 
extremely distended. The chest was badly deformed, the sternum bulging into 
what is commonly called a chicken breast. The left side of the chest was much 
more prominent than the right, and there was a moderate dorsal kyphosis. 

The apex beat of the heart was diffuse in extent and heaving, the whole wall 
of the chest being raised at each systole. The maximum beat was in the sixth 
interspace. The impression was gained that the heart was markedly enlarged. A 
systolic thrili was palpable. The rhythm was regular at the rate of 96. The 
first and second heart sounds were booming and seemed about equal in intensity. 
A third sound gave the rhythm a gallop. Strangely, at this time no murmurs 
were present though previously there had always been a loud systolic murmur. 
The blood pressure was 120 systolic and 80 diastolic. 

The bases of the lungs revealed many coarse, crepitant rales. The liver 
extended about 3 fingerbreadths below the costal margin. There was no ascites 
or edema. 

Death occurred about five hours following this examination. 
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The necropsy was limited to removal of the heart and inspection of the 
remaining organs in situ. 

The body was that of a fairly well nourished white man, 66 inches (168 cm.) 
in height and weighing 90 pounds (40.9 Kg.). The chest was larger in the antero- 
posterior diameter than in the lateral. It had a circumference of 30 inches 
(76 cm.). The sternum was pushed forward, simulating a chicken breast. There 
‘was moderate kyphosis. The finger-nails were bowed but not clubbed. The 
finger-tips and lips were moderately cyanotic. 

The third rib on the left side in the nipple line was only 6 mm. thick, owing 
to erosion by the heart. The corresponding rib on the right side was 9 mm. thick. 

The pericardial cavity contained 50 cc. of clear, yellow fluid. 


Fig. 1—View of the truncus arteriosus from above downward showing rubber 
tubing passed through both pulmonary arteries and the truncus. 


The heart weighed 820 Gm. It appeared to be bilaterally symmetrical, and 
the apex was rounded. All the superficial vessels were dilated. The volume was 
600 cc. The heart was found to have a persistent truncus arteriosus and an inter- 
ventricular septal defect. The diameter of the truncus was 3.5 cm. and the cir- 
cumference 11 cm. The pulmonary arteries branched off from the truncus (fig. 1). 
The left pulmonary artery arose 2 cm. from the base and measured 1.7 cm. in 
diameter. The right pulmonary artery arose 4 cm. from the base and measured 
2 cm. in diameter. 

There were only two cusps comprising the valve of the truncus (fig. 2). These 
ran anteroposteriorly. The right cusp was soft and the free edge was movable. 
It measured 3.5 cm. in length and 2 cm. at its widest part. There was an irregular 
area of calcification on the anterior part of the upper surface measuring 0.7 by 
0.5cm. The free edge of the right cusp overlapped that of the left cusp. The left 
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cusp was extensively calcified and firmly fixed except for the free edge, which 
was only slightly movable. It measured 3.5 cm. in length and 1.5 cm. at its 
widest part. The anterior area of calcification was visible on both the upper and 
the lower surface. The posterior area of calcification was palpable but was covy- 
ered. The two calcified areas were connected by a thin band of calcium. The 
angles between the attachments of the cusps were normal. There was no raphe 
back of either cusp to indicate the vestige of another cusp. There was, however, 
a raphe running upward for 1.5 cm. from the posterior angle, and it may have 
been a vestige of the membrane which would have divided the truncus. 

The right coronary artery branched off from the base of the truncus 2 cm. to 
the right of the anterior angle of the cusps. The left coronary artery arose 1.5 
cm. to the left of the posterior angle of the cusps. Both orifices were patent. 

The interventricular septum presented a defect measuring 2.5 cm. from side 
to side and 0.7 cm. at its widest point. It was located directly under the truncus, 


Fig. 2.—View of the valve from above showing the cusps. The right cusp is 
wider than the left, which is extensively sclerosed. 


and the septum was visible through the opened cusps, running at right angles to 
their free edges. 

Both ventricles were hypertrophied, the right more than the left. The right 
ventricle was 2 cm. thick and the left 1.7 cm. The auricles were correspondingly 
enlarged but normal otherwise. The tricuspid and mitral valves were normal. 

There were few adhesions over the posterior surface of the left lung. Both 
pleural cavities contained a total of about 200 cc. of clear, yellow fluid. 

The left lung was collapsed to about one half of its normal volume owing to 
pressure by the heart. The right lung was dark red throughout as a result of 
chronic passive congestion and edema. 

The spleen was moderately enlarged, and the surface was the color of slate. 

The lower edge of the liver was rounded. The section suggested a nutmeg 
liver. 

The gastro-intestinal tract in situ appeared to be normal with the exception 
of the presence of dilated veins in the stomach. The gastric mucosa was dark red. 

The pancreas and adrenal glands were normal. 
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The kidneys were situated normally, and the capsules stripped readily. The 
cortex was streaked with red. The ureters, bladder and prostate were normal. 

The aorta was slightly sclerosed in places but in general was elastic. There 
was no thrombosis of the large veins. 

Microscopic examination of the lungs, spleen, kidneys and liver showed chronic 
passive congestion. There were focal areas of fibrosis on the heart muscle. 


SUMMARY 

A rare type of persistent truncus arteriosus is presented. The 
patient, a bookkeeper, reached the age of 36 years and 2 months. He 
was never cyanotic except on exertion and was able to carry on his 
work witheut difficulty. 

The heart was symmetrical, had a rounded apex and weighed 
820 Gm. The right ventricle was predominantly hypertrophied. The 
truncus was unusual in that it had only two cusps and no visible vestiges 
of additional ones. Directly under the truncus was an interventricular 
septal defect with its free edge at right angles to the free edges of the 
cusps. 


. 


Laboratory Methods and Technical Notes 


FLUORESCENCE MICROSCOPY 


H. Hampert, M.D., ViENNA, AUSTRIA 


Progress in scientific knowledge is nearly always linked up with 
progress in technical methods. The invention and development of the 
microscope and the use of modern methods of producing and staining 
thin sections of tissues have made it possible to acquire a vast amount 
of new knowledge. Since the beginning of the present century the 
technical part of microscopic research has been directed toward only a 
few specific lines, such as the introduction of dark-field methods, 
observations with polarized light, etc. One of the most fascinating 
innovations has been the microscopic study of fluorescence. I have been 
working on this subject for several years, and propose here to describe 
briefly the results that have been achieved. 

Fluorescence is the property possessed by certain substances of con- 
verting rays of short wavelength into rays of longer wavelength. Of 
course, in the field of microscopy the short wave ultraviolet rays are of 
prime interest since they cause a substance to light up in the longer 
waves of the visible range of the spectrum. To produce this type of 
fluorescence, therefore, it is necessary to have a source of light which 
is as rich as possible in ultraviolet rays. The visible rays are withheld 
by means of a combination of filters, and only the ultraviolet rays are 
directed to the specimen under examination—in the present case, the 
microscopic section. These examinations cannot, however, be made 
with the ordinary microscope, since plain glass has the property of 
excluding ultraviolet rays. Between the source of light and the speci- 
men only mediums that are pervious to ultraviolet rays, such as quartz 
or the cheaper “uviol glass,” can be used in the construction of the 
microscope. As soon as the ultraviolet rays have reached the specimen, 
they have accomplished their purpose, and the tissues which are thereby 
rendered fluorescent can be examined with the optical equipment of any 
microscope. Consequently, any microscope is suitable provided it has a 
condenser which allows ultraviolet light to pass through it and pro- 
vided a suitable source of light is available.’ 

Observations made by means of fluorescence microscopy have shown 
that connective tissue, elastic tissue, colloidal enclosures in the thyroid 
gland, fatty substances and pigments become fluorescent in the most 
varied colors. It is sufficient to indicate that each type of fatty sub- 
stance in the human body (neutral fats, double-refracting lipoids, 
nondouble-refracting fatty granules) fluoresces differently. Even pig- 


From the Pathologic Institute of the University of Vienna. 

1. Messrs. C. Reichert of Vienna have developed, ori Haitinger’s data, an 
apparatus of this kind which combines the maximum luminosity with ease of 
manipulation and is inexpensive. I have used one of their instruments for my 
examination of human tissues. 
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ments can be easily differentiated by this method: hemoglobin and 
melanin do not fluoresce, while lipofuscin usually has a yellowish fluores- 
cence. Certain cells in the intestinal tract (the chromo-argentaffin cells) 
and the tumors derived from them (the carcinoids) fluoresce in a similar 
manner. A reddish fluorescence has been found only in certain layers 
of the epidermis, the roots of the hair and the nails. It resembles the 
fluorescence of porphyrin, on which Borst and Ko6nigsdorffer have 
already carried out extensive research. Frequently the cells of the 
reticulo-endothelial system behave characteristically. 

Even this brief survey shows that by means of a new method it 
has been possible to penetrate a little further into the secrets of the 
cell and to discover a new cellular property. 

Further investigation has been carried out by using tissues that do 
not fluoresce and making them fluorescent or by modifying the nuance 
and intensity of fluorescent tissues in such a way as to make them easier 
to recognize, just as is commonly done by the use of staining mediums. 
This artificially produced fluorescence is termed secondary fluorescence 
in contradistinction to primary fluorescence. Thus, it is possible to 
produce “colorations,” i. e., secondary fluorescence, in widely different 
constituents of tissues, such as neutral fats, nerve elements, medullary 
tissue, mucus, etc. The entire process is so simple as to be perfectly 
suitable for histologic methods. A further remarkable fact in this 
connection is that a pronounced effect can often be attained with exceed- 
ingly weak dilutions (acriflavine hydrochloride, 1: 5,000,000). This 
sensitivity of the method may prove of great advantage in the demon- 
stration of minute quantities of a given substance, for instance, vitamins, 
a considerable part of which fluoresces visibly. Perhaps it will be pos- 
sible eventually to demonstrate vitamins microscopically by this method. 

In conclusion I should like to point out that the new method of 
microfluorescence has been used in botany and mineralogy as well as 
for the examination of human and animal tissues. Fluorescence micros- 
copy seems to be a new and promising method and one quite capable of 
taking its place by the side of old and proved methods. 


LIPOID HISTIOCYTOSIS IN A PARROT 


R. D. Lititz, M.D., Wasnineton, D. C. 
Surgeon, United States Public Health Service 


Although Jaffé ' noted from the works of Tyzzer and Slye the occur- 
rence in mice of benign proliferation of the reticulo-endothelial system 
with splenic enlargement, such observations apparently have not been 
common in birds, none being noted by Fox.’ 

The bird the protocol of which is reported here was a large parrot 
which had been in a pet store for over a year and had died a few days 


From the National Institute of Health. 

1. Jaffé, R.: Anatomie und Pathologie der Spontanerkrankungen der kleinen 
Laboratoriumstiere, Berlin, Julius Springer, 1931. 

2. Fox, H.: Disease in Captive Wild-Mammals and Birds, Philadelphia, 
J. B. Lippincott Company, 1923. 
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after its purchase following a brief illness characterized by weakness 
and drowsiness. There was no diarrhea. At autopsy the only abnormali- 
ties noted macroscopically were an enlarged, firm, yellow liver and an 
enlarged spleen. The body was then fixed entire in a dilute solution of 
formaldehyde U. S. P. (1:10) and sent to the National Institute of 
Health for examination for psittacosis. 

The histologic protocol follows. 


PROTOCOL 


The pulp of the spleen was largely replaced by bulky masses of large polygonal 
cells with abundant faintly staining, foamy, vacuolated cytoplasm and _lepto- 
chromatic nuclei. Interspersed among the areas of foam cells were small follicles, 
larger veins and islets of pulp. The masses of foam cells were filled in areas with 
globules of neutral fat, singly refractile, which stained pink with nile blue sulphate 
and deep orange-red with sudan IV. Areas alternating with these regions con- 
tained semicrystalline, doubly refractile, faintly sudanophilic or unstained masses 
of lipoid. 

In the liver there were scattered small nodules of large polygonal foam cells 
which had a more finely reticular cytoplasm than those in the spleen but otherwise 
were similar to them. Some of these cells contained droplets of doubly refractile 
lipoid. Elsewhere, the hepatic cells were almost all distended by large globules 
of neutral fat. This fatty infiltration was possibly slightly less marked about the 
hepatic venules. 

The kidneys, testes, suprarenals, pancreas and duodenum showed no significant 
changes. The heart presented no lesions and the lungs only moderate congestion. 
No grossly enlarged lymph nodes were noted on examination of the carcass. 

The picture probably corresponded most nearly to that of lipoid histiocytosis 
of the Niemann-Pick type. No other evident cause of death was demonstrated. 
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General Review 


HETEROPHILE PHENOMENA IN IMMUNOLOGY 


LEON BUCHBINDER, Pux.D. 
NEW YORK 


Introduction, history and résumé. 
( Heterophile antigens present in tissues of animals and micro-organisms. 
\ Forssman’s antigen. 
Distribution of Forssman’s antigen in the animal and plant kingdoms. 
Mode of distribution in living matter, exclusive of bacteria. 
Mode of distribution in bacteria. 
Forms of life other than bacteria which contain Forssman’s antigen. 
Bacteria which contain Forssman’s antigen. 
Relationship of colonial structure of bacteria to presence of Forssman’s 
antigen. 
Nature of Forssman’s antigen. 
Nature of Forssman’s antigen occurring in animal tissue. 
Nature of Forssman’s bacterial antigens. 
Multiplicity of Forssman’s antigen. 
Antibodies for Forssman’s antigen. 
Antibodies for Forssman’s antigen in serum sickness and infectious mono- 
nmucleosis. 
\Forssman’s antigen and resistance to disease. 
‘Miscellaneous practical applications of knowledge of Forssman’s antigen. 
® Antigen found in the Shiga bacillus and in human erythrocytes. 
C Antigens present in the paratyphoid B bacillus and in human erythrocytes of 
group A. 
DAntigen present in pneumococcus in human erythrocytes of group A. 
€Antigen present in the hemorrhagic septicemia bacillus and in bird erythrocytes. 
() Heterophile antigens found only in animal tissues. 
Heterophile antigens found only in micro-organisms. 
Weil-Felix reaction. 


Heterophile phenomena embrace those immunologic reactions in 
which the interaction of antigen and antibody is seemingly not specific in 
the strictly orthodox conception of the term. Thus, while the lysis 
of sheep erythrocytes by the serum of a rabbit immunized with these 
cells is acknowledged as a natural immunologic consequence, the lysis 
of goat erythrocytes by the same serum may be viewed as an apparent 
exception to the laws of serologic specificity. Probably all the known 
heterophile phenomena, however, as will be shown in this paper, are 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University. 
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highly specific in a broader sense, revealing the presence of similar or 
identical substances not only in closely related species but even in grossly 
unrelated types of protoplasm. 

The existence of heterophile phenomena was known for some years 
before the publication of Forssman’s work, which marked the beginning 
of intensive investigation in this field. These early observations, how- 
ever, were limited to the study of the immunologic interaction of species- 
specific or organ-specific antigens in animals or to cross-reactions which 
occurred between certain micro-organisms. For example, the presence 
of immunologically related substances in the various tissues of a given 
species of animal was demonstrated as early as 1899 by von Dungern * 
and by Tschistovitsch.* The first author found that guinea-pigs inocu- 
lated with pigeon serum produced lysins for pigeon erythrocytes while 
the second author obtained lysins for horse red cells when horse serum 
was injected into rabbits. In the years immediately following this work 
additional species-specific heterophile reactions were described, the tis- 
sues involved in these cross-reactions with antierythrocyte serums being 
ciliated epithelium, milk, serum, urine, spermatozoa and ovary (von 
Dungern,* Morgenroth,® Schattenfroh,® Moxter,’ and Skrobansky *). 
Organ specificity, or the occurrence of overlapping antigens in the tissues 
of unrelated species of animals, was demonstrated for the first time by 
Ehrlich and Morgenroth ® in 1901. These authors noted that the serum 
of rabbits given injections of ox erythrocytes dissolved the red cells of 
the goat and sheep as well as the homologous red cells and, reciprocally, 
that the serum of rabbits immunized to the erythrocytes of the goat also 
lysed the red cells of the ox and sheep. The principle of this discovery 
was confirmed by Brezina,’® who advanced evidence for the existence 
of an immunologic interrelationship of the erythrocytes of the sheep, 
ox and swine, and in addition by Frouin and Frouin and Lisbonne,’* who 
demonstrated that serum of a rabbit immunized to the yolk of chickens’ 
eggs lysed the erythrocytes of a variety of animals. The first description 


1. The subject was previously reviewed in this journal by I. Davidsohn (Arch. 
Path. 4:776, 1927). 
. von Dungern, F.: Miinchen. med. Wchnschr. 25:449, 1899. 
. Tschistovitsch, T.: Ann. Inst. Pasteur 13:406, 1899. 
von Dungern, F.: Miinchen. med. Wchnschr. 25:1229,1899; 26:962, 1900. 
. Morgenroth, J.: Miinchen. med. Wchnschr. 28:1033, 1902. 
. Schattenfroh, A.: Arch. f. Hyg. 44:339, 1902. 
. Moxter, A.: Deutsche med. Wchnschr. 26:61, 1900. 
. Skrobansky, K.: Miinchen. med. Wchnschr. 29:1913, 1903. 
. Ehrlich, P., and Morgenroth, J.: Berl. klin. Wehnschr. 38:569 and 598, 


CONAN 


10. Brezina, E.: Miinchen. med. Wchnschr. 33:1373, 1907. 
11. Frouin, A.: Compt. rend. Soc. de biol. 62:153, 1907. Frouin, A., and 
Lisbonne, M.: ibid. 71:26, 1911. 
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of heterospecificity among unicellular organisms was presented in 1904 
by Ballner and von Sagasser,** who found that the serum of rabbits 
immunized to red yeast agglutinated the typhoid and the colon bacillus 
as well as varieties of the dysentery organism. Four years later Collins ** 
reported that, although the production of heterospecific bacterial agglu- 
tinins was increased by the injection of brewers’ yeast, a similar increase - 
of titer could be obtained by the inoculation of ferments, inorganic salts 
and other nonantigenic substances. It is interesting to note that in 1925 
Cohn ** confirmed the original observation. 

This, then, was the extent of knowledge concerning such phenomena 
when Forssman ** in 1911 recorded his observations on the presence in 
animal tissues of a new heterophile antigen, and with this discovery 
opened a line of investigation which the immunologist of today is still 


actively pursuing. The essential finding of Forssman consisted of the — 


fact that when watery suspensions of certain organs of the guinea-pig 
were injected into rabbits a marked augmentation of the normal sheep 
cell hemolysin took place. This increase of titer appeared to be due to a 
specific antigenic stimulus, since, as was shown later, the antibody can 
be bound by the organ producing it. Of equal importance was 
Forssman’s observation that the organ of some other animals stimulated 
the production of a similar lysin, whereas those of still others failed to 
do so. Forssman’s work was soon confirmed by Orudschiew,'* Bail and 
Marguliés ** and Doerr and Pick."® 

Before systematically dealing with the several topics of this review it 
may be helpful to point out some of the high lights among the results of 
the study of heterophile antigens which have appeared since Forssman’s 
discovery. Among these the revelation that bacteria may also harbor 
heterophile antigens deserves special mention, particularly since the 
study of bacteria containing Forssman’s antigen has revealed the exist- 
ence of distinct immunologic varieties of Forssman’s antigen. In 
addition, evidence has accumulated in the past few years that other 
heterophile relationships between bacteria and animal tissues, similar in 
nature to that described by Forssman but clearly distinct from it, also 
exist. This evidence has served to confirm the impression gathered 
from earlier studies of the antigenic relationship of animal tissues that 


12. Ballner, F., and von Sagasser, R. R.: Arch. f. Hyg. 51:245, 1904. 

13. Collins, C. R.: J. Exper. Med. 10:529, 1908. 

14. Cohn, H.: Ztschr. f. Hyg. u. Infektionskr. 104:640, 1925. 

15. Forssman, J.: Biochem. Ztschr. 37:78, 1911. 

16. Orudschiew, D.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 16:268, 
1913, 

17. Bail, O., and Marguliés, A.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 
19:185, 1913. 
18. Doerr, R., and Pick, R.: Biochem. Ztschr. 50:129, 1913. 
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Forssman’s antigen, on which research has for so long been exclusively 
focused, is not unique but is merely one of many substances of similar 
nature. 

The chemical nature of Forssman’s antigen remained obscure until 
1918, when it was found that the substance is soluble in lipoid solvents. 
Apparently the essential materials obtained on extraction are carbo- 
hydrates of unknown composition which, in animal tissues at least, are 
linked to lipoids. The fact that the heterophile principle is of lipoid 
character has also led to investigation of its immunologic properties. 
These studies have yielded noteworthy results in that Forssman’s 
antigen was the first natural antigen shown to be of a haptenic nature. 


\ 
TaBLe 1.—Distribution of Antigens 


Antigen Present Name of Protoplasm in Which the Reaction Used as 
in the Tissues of Antigen Antigen is Present Indicator 
Animals and Forssman Mammals, birds, bacteria Lysis of sheep erythrocytes 
micro-organisms and possibly higher plants 
Hemorrhagic Many birds and strains of Agglutination of avian 
septicemia-bird bacteria of the hemor- erythrocytes 
erythrocyte rhagic septicemia group 


Shiga dysentery- Strains ofthe Shigadysen- Agglutination of human 
human erythro- tery bacillus and human erycnrocytes 
cyte erythrocytes of all blood 
groups 
Paratyphoid B- Strains of paratyphoid B Agelutination of human 
human erythro- bacillus and human erythro- erythrocytes of blood 
cytes of blood group A group A 


Animals only Various antigens present Alexin fixation in the presence 
‘ exclusively in different of tissue extracts 
species of mammals 


Micro-organisms Various antigens present Precipitation, agglutination 
only exclusively in different and absorption tests with 
species of bacteria micro-organisms or micro- 
organismal! fractions 


This was proved by demonstrating that extracts of lipoids containing 
the hapten, although they are in themselves nonantigenic, even if reacting 
in the test tube, can be rendered antigenic (reactivated) by mixing them 
with any of a variety of proteins. The precise explanation of this last- 
mentioned phenomenon, however, is still a matter of lively debate. 


The study of Forssman’s antigen has also furnished pertinent data 
on the phylogenetic relationship of antigenic substances. Though highly 
suggestive evidence is now available of the genetic inheritance of the 
heterophile antigens of mammals, it cannot as yet be claimed that this 
also holds true for bacterial antigens. On the other hand, a theory 
that heterophile antigens found in bacteria (i. e., those present both in 
animal tissues and in micro-organisms) were originally acquired by 
contact with mammalian tissues is a challenge to further investigation. 

It is perhaps not without interest that such a highly theoretical sub- 
ject as this should have yielded data of practical value. Thus, the 
Weil-Felix reaction in typhus fever and a specific increase of sheep 
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cell antibodies in the serum of patients suffering from infectious 
mononucleosis are probably heterophilic in nature. In the therapy of 
experimental disease it has been found that the injection of Forssman’s 
antigen or antiserum into rabbits is followed by some degree of pro- 
tection against infection with the pneumococcus and the anthrax bacillus, 
both of which contain Forssman’s antigen. 

For the purpose of this study, heterophile phenomena may be 
divided into three divisions on the basis of the distribution of the 
antigens in various forms of life: first, those dependent on antigens 
present in the tissues both of animals and of micro-organisms; second, 
those dependent on antigens present solely in the tissues of animals, 
and third, those dependent on antigens present exclusively in the tissues 
of micro-organisms, table 1. 


HETEROPHILE ANTIGENS PRESENT IN TISSUE OF ANIMALS 
AND OF MICRO-ORGANISMS 


FORSSMAN’S ANTIGEN 


DISTRIBUTION OF ForSSMAN’S ANTIGEN IN THE ANIMAL AND PLANT KINGDOMS 


Mode of Distribution in Living Matter Exclusive of Bacteria.— 
The original observation of Forssman** that his heterophile antigen is 
present in widely separated species of mammals stimulated a systemic 
search for the distribution of this substance in the animal kingdom. 
The quest has been a long one, extending from mammals through birds, 
amphibia, fish and worms and from the higher plants to bacteria. It 
seemed apparent as a result of this work that Forssman’s antigen occurs 
in nature in a haphazard fashion, and that impression is still general. 
Nevertheless, evidence suggesting an opposite conclusion may now be 
advanced, namely, that the antigen or antigens occur, in animals at least, 
in an orderly manner. Gaehtgens*® noted that Forssman’s antigen 
occurs in the togopony, as well as in the horse; in the ocelot, as well as 
in the cat, and in the agouti, as well as in the guinea-pig. Landsteiner *° 
found that all the species of Carnivora (the dog, cat and raccoon fam- 
ilies) which were examined possessed the antigen. The mammals which 
have been examined for the presence of Forssman’s antigen are listed 
in table 2, according to an accepted system of zoological classification. 
It is seen that in the order Carnivora all the members of the several 
families possess Forssman’s antigen, that in the order Primates the 
antigen, with certain exceptions, is absent while in other orders it 
may be present or absent (Rodentia and Artiodactyla). The presence 
of Forssman’s antigen in all the species so far examined of the lowest 
order, Carnivora, and its absence in most species of the highest order, 


19. Gaehtgens, W.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 31:512, 1921. 
20. Landsteiner, K.: Reale accademia d'Italia, September, 1933. 
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Primates point to the possibility of a systematic inheritance of the 
antigen within the class. Similar evidence is furnished by observations 
on the distribution in birds of a heterophile antigen distinct from that 
of Forssman which has been found recently in certain strains of bacteria 
of the group producing hemorrhagic septicemia and in avian erythro- 
cytes. Indeed, findings such as these are not at variance with existing 
knowledge concerning the appearance of other antigenic substances in 
widely separated species of animals. For example, it is known that the 
lens in all species of mammals, birds and amphibians so far examined 
contains similar proteins, as does also the milk of various animals and the 
eggs of some birds. 


Tas_e 2.—Distribution of Forssman’s Antigen in the Class Mammalia 


Order Family 
Carnivora* Canidae: dog (+); gray American wolf (+); fox (+); painted wolf (+) 
Procyonidae: washing raccoon (+); kinkajou (+) 
Felidae: cat (+); ocelot (+); tiger (+); puma (+); lion (+) 


Rodentia Muridae: rat (—); mouse (+); hamster (+) 
Cavidae: guinea-pig (2 varieties) (+); agouti (+) 


Lagomorpha Leporidae: rabbit (—) 


Artiodactyla Suidae: pig (—) 
Camelidae: camel (+) 
Cervidae: deer (—) 
Bovidae: sheep (+); goat (+); cow (—) 


Perissodactyla Equidae: horse (+); togopony (+) 
Mystacoceti Balaenidae: whale (+) 


Primates Lemuridae: lemur (+) 

Hapalidae: common marmoset (—) 

Cebidae: Cebus monkey (2 species) (—); three-banded dourocouli (+) 

Cercopithecidae: mantled baboon (—); sooty mangabey (—); gray-cheeked 
mangabey (—); Macacus rhesus (—); Presbytis mauris (—); Pygathrix 
cristata (—) 

Simidae: chimpanzee (—); siamang gibbon (—) 

Hominidae: man; blood group A (+); AB (+); O (—); B (—) 


* The + indicates the presence of the antigen; the — indicates its absence. 


From the beginning of-the study of Forssman’s antigen it has been 
known that it occurs in various organs of certain animals, that it occurs 
practically always in the same organs of a given species, although quan- 
titative variations may exist, and that it occurs usually in each individual 
of a given species. The manner of occurrence is illustrated by the 
guinea-pig, most of the organs of which contain the antigen, and by 
the sheep, in which the antigen usually is found only in the erythrocytes. 
Forssman’s antigen, on the other hand, is not always present in every 
individual of a species in which it appears. Thus, the antigen was 
absent in the red cells of sheep (Mutermilch*'), in the organs of 
mice (Schmidt *?) and in the red cells of chickens (Landsteiner 


21. Mutermilch, L.: Compt. rend. Acad. d. sc. 178:2285, 1924. 
22. Schmidt, H.: Beitr. z. Klin. d. Tuberk. 47:433, 1921. 
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and Levine **). Indeed in man the substance occurs regularly only in 
persons of blood groups A and AB, its inheritance apparently being 
linked with that of the human iso-agglutinin A (Schiff and Adels- 
berger **). These observations make it seem possible that, as has been 
shown for the blood group antigens and the hybrid erythrocytic antigens, 
Forssman’s antigen may be inherited within a species of mammal accord- 
ing to genetic law. : 

Mode of Distribution in Bacteria —While the class Schizomycetes 
has been incompletely examined for the presence of Forssman’s antigen, 
the mode of distribution of the antigen in strains of the species possess- 
ing it is not without interest. Of the three species which have been 
extensively studied, the antigen is regularly present in two—the Shiga 
bacillus (in forty-four of forty-nine strains [Brahn and Schiff **]) and 
the pneumococcus (in seventy-five of eighty-three strains [Bailey and 
Shorb **]). In sharp contrast to this distribution, Forssman’s antigen 
is present much less frequently in strains of the hemorrhagic septicemia 
group. Thus Powell *’ found it in only one of thirteen strains, and 
Buchbinder ** in seven of fifty strains. The cause of this difference is 
not apparent at present, but two possibilities suggest themselves. The 
first, and least likely, is that the antigen may be inherited as a dominant 
characteristic in certain species and as a recessive one in others; the 
second possibility is that the antigenic properties of a strain are altered 
by its particular animal host.?® Such a theory as the latter is at least 


in consonance with the facts, since both the Shiga bacillus and the | 


pneumococcus are obtained from a single host, man, whose tissues con- 
tain Forssman’s antigen, whereas the septicemia strains are isolated 
from a wide variety of animals, the tissues of some of which contain 
the antigen while those of others do not (rabbit, cow, mouse, guinea- 
pig, dog, cat, fowl, duck and others). Further evidence is furnished 
by the knowledge that the pneumococcus and the Shiga bacillus, which as 
already mentioned are strictly human parasites, and the paratyphoid 
bacillus, some strains of which are human parasites, each contain an 
additional heterophile antigen in common with human erythrocytes. 
Although the assumption that bacterial antigenic structure can be influ- 
enced by the chemical composition of the host’s protoplasm is open to 


23. Landsteiner, K., and Levine, P.: Proc. Soc. Exper. Biol. & Med. 30:209, 
1933. 


24. Schiff, F., and Adelsberger, L.: Ztschr. f. Immunitatsforsch. u. exper. 


Therap. 40:335, 1924. Schiff, F.: Klin. Wehnschr. 3:679, 1924. 

25. Brahn, B., and Schiff, F.: Deutsche med. Wchnschr. 56:1207, 1930. 

26. Bailey, G. H., and Shorb, M. S.: Am. J. Hyg. 13:831, 1931. 

27. Powell, H. M.: J. Immunol. 12:1, 1926. 

28. Buchbinder, L.: J. Immunol. 26:215, 1934. 

29. Most species of bacteria which contain Forssman’s antigen are either animal 
pathogens or animal parasites. 
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criticism, such a point of view is precedented by the knowledge that 
various physiologic properties of bacteria are altered as a result of 
their parasitism in animals. 

Forms of Life Other Than Bacteria Which Contain Forssman’s 
Antigen.—In addition to its occurrence in the mammals listed in table 2, 
Forssman’s antigen is found in certain species of birds, fish, reptiles 
and worms, but not, with possibly one exception, in the higher plants so 
far examined. The material as yet studied, however, is too limited to 
offer evidence ior or against the orderly inheritance of the heterophile 
antigen in these species. 

The tissues of man, of several animals and of one bird (chicken) 
which have been extensively examined for the presence of Forssman’s 
antigen are listed in table 3. 

The tissues of the following birds, in addition to the chicken, con- 
tain Forssman’s antigen: diamond pheasant, turkey buzzard and ostrich 
(Gaehtgens '*). According to Amako * the antigen is present in the 
organs of the pigeon, but is absent in these tissues, according to Doerr 
and Pick.'’* It is not present in the erythrocytes of the -pigeon (Buch- 
binder *5). The tissues of the following birds do not contain Forss- 
man’s antigen: chaffinch, krestel, sparrow, hawk, cuckoo, horned owl 
and Bachstelze (Gaehtgens*®) and goose (Doerr and Pick’**). 

The gills of the following fishes contain Forssman’s antigen: carp 
(Tsuneoka ** Friede and Kalajew and Kalajew **) ; pike (Tsuneoka ™ 
and Kalajew **) ; tench (Tsuneoka *'), and crucian (Carassius vulgaris) 
(Friede and Kalajew and Kalajew **). Friede and Kalajew *** did not 
find Forssman’s antigen in the tench. The tissues of the eel contain 
Forssman’s antigen (Tsuneoka *’). 

The tissues of the following fishes do not contain Forssman’s antigen: 
herring, cod and haddock (Gaehtgens **), neither do those of the frog 
(Gaehtgens **), the meal worm (Tsuneoka *'), or trypanosomes (Lewisi 
and Equiperdum and Jungeblut and Buchbinder **). 

A large variety of the higher plants, with possibly one exception, 
do not contain Forssman’s antigen; neither does brewers’ yeast (Forss- 
man and Widen **) and (Tsuneoka*'). The seeds of oats, rice and the 
bean and the mushroom contain no antigen (Tsuneoka *'). Cabbage, 
lettuce, carrot and potato and the seeds of corn, wheat and oats likewise 


30. Amako, T.: Ztschr. f. Chemotherap. 1:224, 1912. 

31. Tsuneoka, R.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 22:257, 1914. 

32. (a) Friede, K. A., and Kalajew, A. W.: Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 63:185, 1929. (b) Kalajew, A. W.: Zentralbl. f. Bakt. (Abt. 1) 
111:308, 1929. 

33. Jungeblut, C. W., and Buchbinder, L.: Unpublished data. 

34. Forssman, J., and Widen: Biochem. Ztschr. 37:97, 1911. 
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TaBLe 3.—Distribution of Forssman’s Antigen in the Tissues of Man, Several 
Animals and One Bird 


Fibrinogen........... 
Vascular endothelium 


Large intestine....... 
Lymph gland......... 
Bone marrow......... 
Fatty tissue.......... 


Fetal and placental 
decidua............. 


Animal 
Guinea- 
Man Horse Dog Cat Mouse Sheep Goat Pig Chicken toise 
+1 +14 +16 +20 —22 +30 +32 
+ 23 
+ 24 
+2 +8 +3 
+3 os on 
os +9 on + 25 
+ 15 ee + 10a +9 +12b +15 
— 12a + 
+10 +10b + 106 +26 +10b + 10b 
+4 +10 +15 +17 +100 +100 +12b +15 
— 12a + 12a 
+10 +15 +10a + 10a +10a +12b + 10a 
+10 es és + 10a ‘ 
+5- +1 +18 +100 +15 +12b +15 
+1l0a —12a +17 +27 +12b +15 
+ 124 
+ 15 + 12a +27 + 33 
+B 
+ 15 
.. + 29 
. +15 + 20b 
ee +15 
ee +16 
+6 +19 
—5 
+19 
+12 + 10a 
+18 
+7 


The following footnotes refer to the numbers in the table: 


1. In this table + 


indicates the presence of the antigen in the tissue; 


—, its absence, and 


the + sign the variable presence of the antigen. That Forssman’s antigen is present in human 
klin. Wehnsechr. 50: 


erythrocytes was first disclosed by E. Friedberger and F. Schiff (Berl. 
1557 and 2328, 1913) and 8S. Hesser (Acta med. Scandinav. 


{supp.] 1924). Later it 


was noticed that only the erythrocytes of blood groups A and AB contain the antigen (Schiff 


and Adelsberger.? Witebsky, E.: 
1926. (b) Ibid. 58: 139, 1928. Dolter, 


(a) Ztsehr. 


f. Immunititsforsch. u. exper. 
W.: Ibid. 43395, 1925), although I. L. Kritschevsky and 


Therap. 48 : 369, 


R. E. Messik (Ztschr. f. Immunitatsforsch. u. exper. Therap. 56: 130, 1928) expressed the betief 
that the erythrocytes of all the blood toon have the antigen. 
2. 


Schiff, F., and Adelsberger, L.: Ztschr. 


. Immunititsforsech. u. exper. Therap. 40 : 335, 


1924. Sehiff, F.: Klin. Wehnschr. 3: 679, 1924. 
3. Davide, H.: a of Antifibrinogen Serum on Corpuscles, Stockholm, 1925. 


4. Kritschevsky, I 
65 : 405, 1930. 


5. Hirszteld, L.; Halber, W 


Ztsehr. f. Immunititsforsch. u. exper. Therap. 56: 464, 1928. 
Ztschr. f. Immunititsforsch. u. exper. Therap. 


Therap. 64: 61, 1929. 


Lehmann-Facius, H.: 
. Tscherikower, R. 8., 


67 : 240, 1930. 


and Semzova, O. M.: 


and Laskowski, 


. L., and Messik, R. E.: Ztschr. f. Immunitiitsforsch. u. exper. Therap. 
F.: Ztsehr. f. Immunititsforsch. u. exper. 


8. (a) Weil, A. J.: Ztsehr. f. Immunitatsforsch. u.  —y Therap. 473316, 1926. (b) 
Davidsohn, I., and Ramsdell, 8. G.: J. Immunol. 17 : 365, 1 


9. Hirszfeld, L., and Halber, W.: 


Ztsehr. f. Immunititsforsch. u. exper. Therap. 39 : 282, 
10. (a) Doerr, R., and Weinfurter, F.: Zentralbl. f. ‘Baxt (Abt. 1) 63: 401, 1912. (b) Pick, 
R.: Ibid. 70% 435, 1913. 
11. Taniguchi, T.: J. Path. & Bact. 243217; 241, 1921. 


12. (a) Doerr, R, and Pick, R.: Biochem. Ztschr. 50: 129, 1913. 
Immunitatsforsech. u. exper. Therap. 22: 641, 1914. 


Compt. rend. Soc. 2. Diol. 89 : 1370, 1923. Halber, W.: 


Amako, T.: Ztschr. f. 


13. Schiff, F.: On the Group Specific Substances of the Human Body, Jena, Gustav 


Fischer, 1931. 


14. (a) Doerr and Pick.*** 


51: 161, 1927 


15. Amako, T.: Ztschr. f. Chemotherap. 1 : 224, 1912. 

16. (a) Friede, K. A., and Griinbaum, F. T.: Klin. Wehnschr. 4 : 1778, = 
and Witebsky, E.: Ztsehr. f. Immunititsforsch. u. exper Therap. G5 3 473, 1 

17. Amako.15 Doerr and Weinfurter.2°* 

18. Amako.?5 Doerr and Weinfurter.1°* Taniguchi.2+ 


19. Doerr and Pick.??* 
f. Immunitiatsforsch. u. exper. Thera 


. 62: 35, 


20. (a) Forssman, J.: Biochem. Ztschr. 3 $78, 1911. 
(e) Doerr and Pick.12« 
Klin. Wehnsehr. @: 1608, 1927. 


nitiitsforseh. u. exper. Therap. 16 : 268, 1913. 
21. Frei, W., and Griinmandel, S8.: 


22. Forssman.?°* 


23. Orudschiew.?°> 
Sollazzo, G.: ibid, 663 465, 1930. Brunius, E.: 


Doerr and Pick.12« 


Zeki: Ztschr. f. Immunititsforsch. u. exper. Therap. 


ibid. 73: 292, 1982. Witebsky.?+» 


24. Spath, W.: Ztschr. t. Immunititsforsch. u. exper. Therap. 21 : 565, 1914. 
Weil.** Lehmann-Facius, H.: Ztschr. f. Immunititsforseh. u. exper. 


25. Orudschiew.2% 


Therap. 51 : 520, 1927. 


26. Pick.1°> Witebsky, E.: Ztschr. f. Immunitétsforech. 
Orudschiew.2°> Amako. 


27. Forssman.?°* 


28. Friedberger and Poor, quoted by Gadaean E., and Suto, K 
forseh. u. exper. 28 217, 1919. 
29. Kritschevsky. I. J. Exper. Med. 24: 233, 191 
30. Krah and Witebsky. 16> Kritschevsky:2® Ztschr. es Immunititsforsch. u. exper. Therap. 
32:196, 19283. Hyde, R. R.: Am. J. Hyg. 
31. Gu genheim, A.: Ztschr. f. Immunitiatsforsch. u. exper. Therap. 61: 361, 1929. Breier, 
R.: ibid. 71: 477, 1981. 
32. Friede, K. A.: Zentralbl. f. Bakt. (Abt. 1) 963154, 1925. 


38. Doerr and Pick.22* Doerr and Weinfurter.*% 


3217, 1925. 


(b) Witebsky, E.: Ztschr. f. Immunititsforsch. u. exper. Therap. 


(b) Krah, E., 


Morgenroth, J.: Berl. klin. Wehnschr. 50: 561, 1913. Witebsky, E.: 
1929. 
(b) Orudschiew, D.: Ztschr. f. Immu- 


G2 : 207, 1929. 


u. exper. Therap. 58 : 297, 1928. 
rr and 10a 
: Ztsehr. f. Immunitits- 
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Erythrocytes......... 
Leukocytes........... | 
Lens of the eye....... ] 
Carcinoma........... 
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contain none (Davidsohn **). The seeds of certain varieties of corn 
produce Forssman lysins, whereas those of other varieties of corn and 
of the pea, lettuce, squash, beet, carrot, bean, sunflower, wheat, alfalfa 
and sorghum do not (Hyde, Chapman and Kiesling **). 

Forssman’s antigen appears fairly early in ontogenic development, 
being found in the yolk of the hen’s egg (Gaehtgens *® and Guggen- 
heim **) ; in the embryo of the chicken four days after cellular division 
has commenced (Kritschevsky **); on the first day of cellular divi- 
sion in the chicken (Witebsky and Szepsenwol **) ; in the embryo of the 
guinea-pig (Tsuneoka*'), and in the decidua of the human fetus 
(Tscherikower and Semzova *°). 

Bacteria Which Contain Forssman Antigen.—Rothacker * in 1913 
reported that certain bacteria as well as animal tissues contain Forssman’s 
heterophile antigen. His work was not confirmed for fourteen years, and 
only within the past ten years have micro-organisms been examined to 
any degree for such substances. The paratyphoid B bacillus was the first 
organism found to contain an antigenic substance similar to Forssman’s 
antigen, and since that discovery other organisms of the same group, 
the Shiga bacillus,** the bacillus of hemorrhagic septicemia,”" the 
pneumococcus and streptococcus ** and the anthrax bacillus ** have all 
been observed to possess similar characters. Shorb and Bailey,** in a 
systematic study, found Forssman’s antigen in a number of other species 
(Alcaligines Bookeri, Alcaligines fecalis, Bacillus cereus, Bacillus 
megatherium, Bacillus petasites, Clostridium edematiens, Clostridium 
Welchii, Lactobacillus acidophilus, Lactobacillus bulgaricus, Neisseria 
catarrhalis, Neisseria gonorrhoeae and Sarcina aurantiaca). Buch- 
binder ** reported that strains of the hemorrhagic septicemia bacillus 
containing Forssman’s antigen, were isolated from the rabbit, mouse, 
cat, guinea-pig and rat kangaroo. 

Strains of the following species af bacteria have been found not to 
contain Forssman’s antigen. (If no name follows the bacterium, the 
authors are Shorb and Bailey.**) 


35. Davidsohn, I.: J. Infect. Dis. 44:44, 1929. 
36. Hyde, R. R.; Chapman, J., and Kiesling, C.: Am. J. Hyg. 20:465, 1934. 
37. Guggenheim, A.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 61:36], 


. Kritschevsky, I. L.: J. Infect. Dis. 32:582, 1923. 

. Witebsky, E., and Szepsenwol, J.: Compt. rend. Soc. de biol. 115:921, 1934. 

. Tscherikower, R. S., and Semzova, O. M.: Ztschr. f. Immunitatsforsch. u. 

. Therap. 67:240, 1930. 

. Rothacker, A.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 16:491, 1913. 

. lijima, T.: J. Path. & Bact. 26:518, 1923. 

. Combiesco, D.; Soru, E.; Stamatesco, S.; Nestoresco, N., and Adam, C.: 
Arch. roumaines de path. expér. de microbiol. 3:241, 1930; Compt. rend. Soc. de 
biol. 104:712, 713, 715 and 716, 1930. 

44. Shorb, M. S., and Bailey, G. H.: Am. J. Hyg. 19:148, 1934. 
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Achromobacter candicans 
Actinomyces madurae 
Aerobacter aerogenes 
Aerobacter cloacae 
Alcaligines abortus 
Alcaligines bronchisepti- 
cus (Powell,2*7 Shorb 
and Bailey 4+) 
Alcaligines melitensis 
Bacillus adherens 
Bacillus agri 
Bacillus albolactis 
Bacterium anthracoides 
Bacillus brevis 
Bacillus centrosporus 
Bacillus circulans 
Bacillus cohaerens 
Bacillus fusiformis 
Bacillus globigii 
Bacillus laterosporus 
Bacillus mesentericus 
Bacillus niger 
Bacillus panis 
Bacillus pseudotetanicus 
Bacillus subtilis 
Bacillus subtilis-viscosum 
Bacillus terminalis 
Bacillus tumescens 
Bacillus vulgatus 
Chromobacterium viola- 
ceum 
Clostridium aerofetidum 
Clostridium botulinum 
Type A 
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Clostridium histolyticum 
Clostridium edematis- 
maligni 
Clostridium parabotulinum 
Clostridium sporogenes 
Clostridium tetani 
Corynebacterium  diph- 
theriae (Buchbinder,2* 
Shorb and Bailey 4*) 
Dialister pneumosintes 
Escherichia acidi-lactici 
Escherichia coli (Tsuneo- 
Fujita,#5 and 
Bailey and Shorb 2¢) 
Eberthella typhi (Tsuneo- 
Forssman and 
Widen **) 
Gaffkya tetragena 
Hemophilus influenzae 
Klebsiella pneumoniae 
Kurthia Zenkeri 
Kurthia Zopfii 
Mycobacterium avium 
Mycobacterium butyricum 
Mycobacterium phlei 
Mycobacterium smegmatis 
Mycobacterium tuberculo- 
sis (Tsuneoka *1) 
Neisseria flava 
Neisseria intracellularis 
Pasteurella (plague, 
hemorrhagic septicemia, 
pseudotuberculosis 
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groups) (Paul and 
Bunnell 4¢) 
Pseudomonas aeruginosa 
(Bailey and Shorb,?¢ 
Shorb and Bailey 4*) 
Pseudomonas fluorescens 
Pfeifferella mallei 
Phytomonas marginalis 
Proteus mirabilis 
Proteus vulgaris 


Proteus vulgaris X-19 
(Abe 47 and Bailey and 
Shorb 2¢) 


Salmonella enteritidis 
Salmonella Morgani 
Salmonella paratyphi 
(Tsuneoka **) 
Salmonella typhi murium 
Seratia marcescens 
Shigella paradysenteriae 
Flexner, Mt. Desert and 
Sonne (Jungeblut and 
Ross,*8 Shorb and 
Bailey 
Streptococcus 
( Tsuneoka,*+ 
and Shorb 2¢) 
Staphylococcus aureus 
Spirillum rubrum 
Vibrio comma (Iijima 4?) 
Vibrio proteus 
Vibrio stade (Tsuneoka*? ) 
Vibrio Metchnikovi 


pyogenes 
Bailey 


of Forssman’s Antigen: The possible relationship of the colonial struc- 
ture of an organism to the presence or absence of heterophile antigens 


has been the subject of a number of investigations. 


It may be stated 


that an organism’s content of Forssman’s antigen apparently is inde- 
pendent of its particular colonial type, since the antigenic property has 
been found in both rough and smooth phases of a given strain (Shiga,”* 


the paratyphoid B bacillus,*® the pneumococcus °° and hemorrhagic septi- 
Nevertheless, it should be recorded that Brahn 


cemia organisms **). 


45. Fujita, K.: 


Ztschr. f. Immunitatsforsch. u. exper. Therap. 43:329, 1925. 


46. Paul, J. R., and Bunnell, W. W.: Am. J. M. Sc. 183:90, 1932. 


47. Abe, T.: 


48. Jungeblut, C. W., and Ross, A. T.: 


49. Eisler, M.: 


Ztschr. f. Hyg. u. Infektionskr. 103:539, 1924. 
J. Immunol. 16:369, 1929. 

Ztschr. f. Immunitatsforsch. u. exper. Therap. 73:37, 1931. 
50 Bailey, G. H., and Shorb, M. S.: Am. J. Hyg. 17:358, 1933. 
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and Schiff *° observed that certain colonies picked from positive strains 
of the Shiga bacillus did not contain the antigen, although it was never 
possible to culture antigen-containing colonies from strains not possess- 
ing the antigen. 

NaTuRE OF ForssMAN’s ANTIGEN 

Nature of Forssman’s Antigen Occurring in Animal Tissues.—The 
exact chemical constitution of the Forssman antigen, like that of any 
other antigen occurring in animal tissue, is unknown. Nevertheless, 
extensive investigation has revealed certain salient properties of these 
substances, so that a general idea of their constitution is now available. 
As early as 1913 it was noted that the Forssman antigen found both in 
organs and in red cells is heat-stable (Doerr and Pick,'* Sachs and 
Nathan and Sachs and Georgi,®! Nakano * and Guth ™). Some years 
later it was found that the antigen is soluble in the common lipoid 
solvents—alcohol, ether and chloroform—but not in acetone (Thorsch ; ** 
Sordelli and Fischer, Wernicke and Sordelli and Sordelli, Fischer, 
Wernicke and Pico; Friedberger and Suto; Georgi;°’ Land- 
steiner ;°* Meyer Taniguchi; Schmidt,** and Gutfield These 
observations ruled out the possibility that the Forssman substance is 
protein in nature, while they strongly suggested that it may be of lipoid 
character. 

In the course of these studies the important observation was made 
that simple extraction by alcohol of tissues containing Forssman’s antigen 
yields a preparation which reacts with serums immunized to the 
Forssman antigen in the ordinary serologic tests but which when 
injected into suitable animals usually fails to produce heterophile 
antibodies (Sordelli and Fischer,®** Friedberger and Suto," Land- 


51. (a) Sachs, H., and Nathan, E.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 19:235, 1913. (b) Sachs, H., and Georgi, W.: Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 21:342, 1914. 

52. Nakano, H.: Ztschr..f. Hyg. u. Infektionskr. 76:39, 1913. 

53. Guth, F.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 30:517, 1920. 

54. Thorsch, G.: Biochem. Ztschr. 55:267, 1913. 

55. (a) Sordelli, H., and Fischer, G.: Rev. d. Inst. bact. d. depart. nac. d. hig. 
Buenos Aires 1:229, 1918. (b) Wernicke, R., and Sordelli, H.: ibid, 2:281, 1919. 
(c) Sordelli, H.; Fischer, G.; Wernicke, R., and Pico, C. E.: Compt. rend. Soc. 
de biol. 84:173, 1921. 

56. Friedberger, E., and Suto, K.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 28:217, 1919. 

57. Georgi, W.: Arb. a. d. Staats-Inst. f. exper. Therap. 1919, pt. 9, p. 33. 

58. Landsteiner, K.: Biochem. Ztschr. 119:294, 1921; Proc. Konig. Akad. van 
Vetenschap. te Amsterdam 23:1166, 1921. 

59. Meyer, K.: Biochem. Ztschr. 122:225, 1921. 

60. Taniguchi, T.: J. Path. & Bact. 24:217 and 241, 1921. 

61. Schmidt, H.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 33:216, 1922. 

62. Gutfield, F.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 33:461, 1922. 
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steiner,°* Meyer,®® Niederhoff,** Georgi®* and Yanagibashi®). A 
clearer idea of the antigenic behavior of these alcoholic extracts was 
obtained when Landsteiner and Landsteiner and Simms * showed that 
by simple mixture of the extracts with animal serum prior to injection 
heterophile antibodies could be produced in rabbits. This work has 
been widely confirmed (Takenomata,“’ Doerr and Hallauer and 
Hallauer,** Heiman,®® Heinsheimer,”® Witebsky ™ and others) ; addi- 
tional carriers or activators (Schleppers) have been found, and the 
principle of the activation of lipoid extracts has been extended to the 
study of other tissue antigens.’* Landsteiner and Simms used swine 
and human serums as activators. It has since been observed that not only 
other foreign proteins, such as cow serum, horse serum and even bacteria 
and yeasts, but emulsions of the kidney and liver of the rabbit, lysed 
red cells (Doerr and Hallauer ***) and such antigenically inert substances 
as kaolin, collodion particles and the like can be employed to the same 
end (Gonzalez and Armangué,”* Landsteiner and Jacobs and Jacobs ™ 
and Misawa 


63. Niederhoff, P.: Deutsche med. Wchnschr. 47:1284, 1921. 

64. Georgi, F.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 37:285, 1923. 

65. Yanagibashi, M.: Tohoku J. Exper. Med. 8:327, 1927. 

66. (a) Landsteiner, K.: Proc. Konig. Akad. van Vetenschap. te Amsterdam, 
24:327, 1921. (b) Landsteiner, K., and Simms, S.: J. Exper. Med. 38:127, 1923. 

67. Takenomata, N.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 41:190, 
1924, 

68. (a) Doerr, R., and Hallauer, C.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 45:170, 1925; ibid. 47:363, 1926. (b) Hallauer, C.: Berl. klin. Wchn- 
schr. 60:293, 1929. 

69. Heiman, F.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 44:44, 1925. 


70. Heinsheimer, S.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 48:438, 
1926, 


71. Witebsky, E.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 51:161, 1927. 


72. The term hapten was given by Landsteiner to the constituents of tissues 
having the aforementioned properties; subsequently, the term was applied to the 
products of bacteria, usually carbohydrate in nature, which possess similar char- 
acteristics. Nevertheless, at least one marked difference between the tissue haptens 
(Forssman and Wassermann antigens and those associated with the blood groups) 
and the bacterial (carbohydrate) haptens exists. The tissue haptens, even in a 
relatively purified state, can be made into effective producers of antibodies by 
simple admixture with a protein foreign to the Lody of the animal to be immunized 
—a process which cannot be duplicated by a similar manipulation of the bacterial 
haptens. 

73. (a) Gonzalez, P., and Armangué, M.: Compt. rend. Cong. internat. de 
microbiol. 2:42, 1930; Compt. rend. Soc. de biol. 106: 1006, 1931. (b) Armangué, 
M., and Gonzalez, P.: ibid. 110:217 and 220, 1932. (c) Armangué, M.; Gon- 
zalez, P., and Romero, S.: ibid. 110:223, 1932. (d) Gonzalez, P.; Armangué, 
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The precise method by which this activation is brought about is 
still debatable. Landsteiner and Jacobs" expressed the belief that 
simple mixture of the foreign serum (protein) with an alcoholic extract 
produces a new compound of loose construction, a sort of reconstituted 
antigen, which functions as a complete antigen. Doerr and Hallauer,*** 
on the other hand, expressed the opinion that the effect depends on 
the size of the particles of the activator and is due to physical rather 
than to a chemical interaction. They were supported by Armangué, 
Gonzalez and Romero *** who went a step further and assumed that 
even in watery extracts of organs containing the Forssman antigen the 
protein present acts merely as a physical carrier for the lipoids. 

The opinion of the last authors is predicated on the finding, previously 
mentioned, that nonantigenic substances (kaolin) act as activators and 
that alcoholic extracts of an organ containing Forssman’s antigen when 
mixed with kaolin produce higher titers of heterophile sheep lysins 
in rabbits than do watery extracts of the complete organ. In rebuttal, 
Landsteiner and Jacobs ** recalled that alcoholic extracts per se some- 
times have a slight antigenic power, due presumably to alcohol-soluble 
proteins ; they expressed the belief that inorganic particles serve merely 
to accentuate the antigenicity. Furthermore, they advanced a cogent 
argument for the chemical theory with the observation that when 
alcoholic extracts are partially purified, so that they no longer contain 
these natural activators, kaolin loses its power to activate them, whereas 
pig serum is still effective. 

The serum activators, in addition to their use in the study of the 
Forssman antigen, have had widespread application in the general 
investigation of lipoid haptens. It is sufficient to indicate here only 
the various phases which have been influenced. Thus, positive Wasser- 
mann reactions have been produced in rabbits by injections of activated 
alcoholic extracts of organs of the rabbit or ox (Sachs, Klopstock 
and Weil and Weil;** Heiman,® and Brandt, Guth and Miller ™) 
and also in man (Cuccia ™*). The method also has served to reveal the 
antigenic properties of lipoids of the serum and organs and has given 


M., and Morato, T.: ibid. 110:216 and 228, 1932. (e) Armangué, M.; Gonzalez, 
P., and Romero, S.: Am. J. Hyg. 17:277, 1933. (f) Armangué, M.; Gonzalez, 
P.; Morato, T., and de Tejada, R.: ibid. 19:184, 1934. 

74. (a) Landsteiner, K., and Jacobs, J.: Proc. Soc. Exper. Biol. & Med. 29: 
570, 1932; 30:1055, 1933. (b) Jacobs, J.: J. Exper. Med. 59:479, 1934. 

75. Misawa, T.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 79:80, 1933. 

76. Sachs, H.; Klopstock, A., and Weil, A. J.: Deutsche med. Wchnschr. 51: 
589, 1925. Weil, A. J.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 46:81, 
1926. 

77. Brandt, R.; Guth, H., and Miiller, R.: Klin. Wehnschr. 5:68, 1926. 

78. Cuccia, Georgi, quoted by Sachs, H., and Klopstock, A.: Deutsche med. 
Wehnschr. 53:394, 1927. 
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rise to new ideas as to the antigenic specificity of organs of animals 
(Weil; Brandt, Guth and Miller ;*° Halber and Hirszfeld; ** Stein- 
feld and Heiman and Steinfeld ; ** Simeons,** and Witebsky **). Like- 
wise, further light has been cast on the problems of anaphylaxis to 
lipoids (Klopstock ** and Henning **); of sensitivity to tuberculin 
(Keller and Dolter **) ; of the antigenicity of carcinoma (Lehmann- 
Facius **) ; of tapeworm lipoids (Sachs and Klopstock **) and of 
antigens associated with the blood groups (Witebsky ®° and Okabe **). 
While the method of activation has been successful in revealing the 
general specificity of the substances involved, it should be stated that, 
since in most instances the extracts used were crude and unpurified, the 
results give no final information as to the exact nature of the substances 
involved. 

Recently a new and apparently simple means for the further purifica- 
tion of these extracts was adopted. This method, modeled after those 
employed in the purification of ferments, toxins and filtrable viruses, 
consists in the adsorption and subsequent elution of alcoholic extracts 
from various colloidal substances (aluminum hydroxide, calcium phos- 
phate, kaolin, barium sulphate and the like). The first substance purified 
was the Wassermann antigen (Fischer,®? 1931); in the next two years 
the scope of the method was extended to include the purification of the 
Forssman antigen and those of brain and Spirochaeta pallida (Weil 


79. Weil, A. J.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 58:172, 1929; 


47:316, 1926. 

80. Brandt, R.; Guth, H., and Miiller, R.: Klin. Wcehnschr. 5:655, 1926. 

81. Halber, W., and Hirszfeld, L.: Ztschr. f. Immunitiatsforsch u. exper. 
Therap. 48:69, 1926. 

82. Steinfeld, J.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 51:73, 1927. 
Heiman, F., and Steinfeld, J.: ibid. 58:181, 1928. 

83. Simeons, A.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 51:193, 1927. 

84. Witebsky, E.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 62:35, 1929. 

85. Klopstock, A.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 48:97 and 
141, 1926. 

86. Henning, L.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 55:19, 1928 

87. Keller, W., and Dolter, W.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 
52:1, 1927. 

88. Lehmann-Facius, H.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 56: 
464, 1928. 

89. Sachs, H., and Klopstock, A.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 55:341, 1928. 

90. Witebsky, E.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 49:1 and 
517, 1926; 48:369, 1926. 

91. Okabe, K.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 58:22, 1928. 

92. Fischer, O.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 72:344, 1931; 
79:391, 1933; Klin. Wchnschr. 11:512 and 2081, 1932. 
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and Berendes and Weil, Ritzenthaler and Merckens; ** Rudy; 
Balbi ; Klopstock and Misawa; ** Brunius,®’ and Fischer **). It seems 
that this method, although too new for proper evaluation, offers a 
promising means for purification and separation of the various haptens 
of crude tissue extracts. The literature, especially that dealing with 
the technic, has been critically analyzed by Rudy.*® 

The study of the activation of alcoholic extracts of organs possessing 
Forssman antigen has been paralleled by attempts to obtain a clearer 
insight into the actual chemical constitution of the hapten. This work, 
although clearly incomplete at present, has served to give an inkling of 
what will eventually be found. The first experiments, those of Meyer,’ 
pointed to lecithin and cephalin as the active substances. Wernicke and 
Sordelli,°°” who first came to the conclusion that the substance may 
be related to the cerebroside fraction, later noted (Sordelli, Wernicke 
and Deulofeu*®°) that after successive purifications with pyridine and 
acetone the fractions corresponding to the cerebrosides—phrenosin and 
kerasin—were the less active. Real progress, however, was not made 
until Landsteiner and Levene '*' attacked the problem. Their findings, 
as epitomized by Landsteiner,’°? were as follows: 


Further analysis of the Forssman substance yielded highly active protein-free 
fractions which possessed characteristic properties. With the exception of pyridine 
the preparations were either not at all or only slightly soluble in the ordinary 
organic solvents (in sharp contrast to the natural antigen of tissues) ; on the other 
hand, they were soluble in water and dilute alkali. They differed from the known 
cerebrosides by their considerably lower content of carbohydrates and by the 
greater quantity of reducing sugars produced by hydrolysis with acid. Hydrolysis 
yielded, moreover, considerable amounts of fatty acids. Analysis of the elementary 
substances showed in most instances that carbon usually comprised from 55 to 58 
per cent of the product, while hydrogen (9 per cent) and nitrogen (2 or 3 per 
cent) were the niinor constituents. 


93. Weil, A. J., and Berendes, J.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 73:341, 1932. Weil, A. J.; Ritzenthaler, B., and Merckens, H.: Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 78:316, 1933. 

94. Rudy, H.: Klin. Wehnschr. 11:1312 and 1432, 1932; 12:1100 and 1279, 
1933; Biochem. Ztschr. 253:204, 1932. 

95. Balbi, E.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 78:524, 1933; 
79 :372, 1933. 

96. Klopstock, A., and Misawa, T.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 79:53, 1933. 

97. Brunius, E.: Biochem. Ztschr. 258:207, 1933. 

98. Fischer, T.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 79:39, 1933. 

99. Rudy, H.: Kolloid-Ztschr. 65:356, 1933. 

100. Sordelli, H.; Wernicke, R., and Deulofeu, V.: Compt. rend. Soc. de biol. 
95:898, 1925; Rev. Inst. bact. d. depart. nac. d. hig., Buenos Aires 4:15, 1925. 

101. Landsteiner, K., and Levene, P. A.: J. Immunol. 10:731, 1924; 14:81, 
1927; Proc. Soc. Exper. Biol. & Med. 23:343, 1926; 24:693, 1927. 
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Since it is not known whether the preparations contain the active substances 
in a form approaching purity, a positive decision (as to the absolute chemical con- 
stitution of Forssman’s antigen) is impossible. The results, however, suggest a 
hypothesis similar to that considered by Anderson and Chargoff for the poly- 
saccharides of the tubercle bacillus, namely, that the specific part of the substance 
is composed of carbohydrates which are bound to lipoid components (fatty acids 
or lipoid bases). 


The only other report dealing with this subject is a recent communi- 
cation by Combiesco, Soru, Stamatesco, Nestoresco and Aubert.'®* By 
subjecting protein-free preparations to hydrolysis, reducing sugars were 
obtained which, calculated as dextrose, gave a much greater yield from 
extract of the kidney of the horse than from that of the guinea-pig. 


Nature of the Forssman Bacterial Antigens.—The desire to solve 
the mystery of the chemical structure of bacterial heterophile antigens 
has instigated much research. Although progress has been made, the 
results as a whole have not reached expectations. The general nature 
of the antigen in one species has been revealed, but the composition of 
others is shrouded in uncertainty, owing not so much to a paucity as to 
an excess of findings. Data on the nature of the antigen furnished by 
the action of physical and chemical agents will be discussed before 
those supplied by serologic tests. 


The bacterial Forssman antigens as a group appear to be water- 
soluble and thermostable (the paratyphoid B_ bacillus,*® the Shiga 
bacillus,*°* pneumococcus *°° and the lepisepticus bacillus*%*). It is 
also distinctive of these substances that lysis by various means of cultures 
containing the antigen usually produces strains which no longer con- 
tain the heterophile characteristic. This is illustrated by the destruction 
of the antigen of some strains of the Shiga bacillus by lysis with the 
bacteriophage (Jungeblut,“°° Brahn and Schiff*° and Eisler and 
Howard *°*») and likewise of that of pneumococcus by lysis with 
saponin and sodium ricinoleate.’°* On the other hand, sodium ricinoleate 
does not completely destroy the Forssman antigen of the lepisepticus 
organism or of sheep erythrocytes, nor does autolysis of the pneumo- 
coccus destroy the antigen.*° The results of lysis by bile are 
contradictory.'° 


103. Combiesco, D.; Soru, E.; Stamatesco, S.; Nestoresco, N., and Aubert, M.: 
Compt. rend. Soc. de biol. 109:791, 1930. 

104. Eisler, M.: (a) Ztschr. f. Immunitatsforsch. u. exper. Therap. 73:392, 
1932; (b) 73:546, 1932. (c) Meyer, K.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 69:134, 1931. 

105. (a) Bailey, G. H., and Shorb, M. S.: Am. J. Hyg. 17:329, 1933; (b) 
footnote 26. 

106. Jungeblut, C. W.: Personal communication. 

107. Eisler, M., and Howard, A. F.: (a) Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 71:473, 1931; (b) 75:366, 1932; (c) 76:461, 1932. 
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The degree of uniformity of the physical and chemical properties 
seemingly is limited. For example, Meyer ‘°° found that substances 
which coagulate or digest protein, such as antiformin, trypsin and pepsin, 
have no effect on the Forssman antigen of the Shiga bacillus, while 
Bailey and Shorb '** noted that trypsin, pepsin and amylopsin destroyed 
that of the pneumococcus. In addition, the antigens of both the pneumo- 
coccus '°° and Bacillus lepisepticus ‘°° resist the action of weak, but not 
of strong, acid or alkali for a short time, whereas the heterophile por- 
tion of the Shiga bacillus withstands the effect of weak acid better 
than does that of the paratyphoid B bacillus.’ 

Fujita '’® was the first to study the chemical nature of the Forssman 
antigen of the Shiga bacillus by serologic methods. He found, in sharp 
contrast to what is known of the antigen in animal tissues, that it was 
not soluble in alcohol and appeared to be a carbohydrate. His work was 
confirmed by Yasui,’"* who also found the alcoholic extracts to be inert, 
and by Meyer,’’* Brahn and Schiff and Eisler.“ All the latter 
authors agreed that the antigen is carbohydrate in nature, and Meyer,'”* 
in particular, presented serologic evidence indicating that, although the 
Forssman antigen is only a part of the somatic carbohydrate, the two 
elements cannot be separated. 

The disclosure of the nature of the Forssman antigen of the Shiga 
bacillus appears to have been a simple matter as compared to that of 
other bacterial heterophile antigens, such as that of the paratyphoid 
B organism and especially that of the pneumococcus. Meyer *'* located 
the Forssman antigen in the somatic portion of the flagellated paratyphoid 
bacillus. In the same year Eisler *® came to the conclusion that the 
antigen is soluble in alcohol. He later indicated, however, that he might 
be mistaken.’°*” Landsteiner and Levine,’® using anti-aertrycke rabbit 
serum, found that the heterophile antibody was absorbed only by the 
strains of the paratyphoid B bacillus which contain the so-called 
somatic factor 1 of White. While this particular Forssman antigen 
has the same degree of resistance to acids as factor 1, they were con- 
vinced that the substances are not identical, because some strains which 
possess factor 1 do not contain the Forssman antigen. Again, absorp- 
tion of the heterophile antibodies by sheep erythrocytes leaves behind 
the bacterial agglutinins and precipitins for factor 1. The structure of 


108. Meyer, K.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 69:499, 1931; 
footnote 104c. 

109. Landsteiner, K., and Levine, P.: J. Immunol. 22:75, 1932. 

110. Fujita, K.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 41:539, 1924. 

111. Yasui, K.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 63:440, 1929. 

112. Meyer, K.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 68:98, 1930; 
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the Forssman antigen of the pneumococcus is still more uncertain, since 
active portions are obtained from various components. Bailey and 
Shorb *’° showed that the property of producing or absorbing sheep 
lysins is shared by lipoid extracts when mixed with pig serum; by. 
nucleoprotein after successive extractions with boiling ether, alcohol 
and chloroform, and by the type-specific as well as the species-specific, 
“C” carbohydrates. The Forssman antigen of the anthrax bacillus * 
appears to be related to the SSS of that bacillus. Those of other 
organisms have not been studied. Bacterial Forssman antigens are 
probably all of carbohydrate nature or at least associated with sugars; 
the only firmly established common properties of these substances are 
their solubility in water and their thermostability. 


MUuLTIPLIcITy oF ForssMAN’s ANTIGEN 

Conclusive experimental evidence exists that Forssman’s antigen is 
not a single, well defined antibody-producing entity, but that it is merely 
one of a group of substances of similar chemical structure. Such a 
deduction is logical, a priori since it is more reasonable to assume the 
presence of similar, than of identical, chemical compounds in a 
variety of living forms ranging from the most primitive bacteria to the 
most highly specialized mammals. The evidence indicates that the 
ubiquity of Forssman’s antigen may be due to the existence of at least 
two distinct factors, i. e., of both partial and multiple antigens. ) 

The existence of partial Forssman antigens is illustrated by the fact 
that some Forssman antigens of lower animals (Friede, Friede and 
Griinbaum and Friede and Schwarzmann ''* and Kritchevsky and Mes- 
sik ***), of man (Schiff and Adelsberger,** Hesser,''® Landsteiner and 
van der Scheer,’** Halber and Davidsohn,’’® and Ander- 
sen **°) and particularly of bacteria do not reproduce all the serologic 
phenomena exhibited by a truly complete Forssman antigen. \ Thus, 
whereas rabbit serum immunized to chicken red cells sensitizes rabbits 
to shock by sheep or goat cells, rabbit serum immunized to sheep red 


114. Friede, K. A.: Klin. Wchnschr. 3:1226, 1924; Zentralbl. f. Bakt. (Abt. 1) 
96:136 and 154, 1925. Friede, K. A., and Griinbaum, F. T.: Ztschr. f. Immuni- 
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Schwarzmann, L. A.: ibid. 66:454, 1930. 
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cells does not sensitize rabbits to shock by chicken erythrocytes 
(Kritschevsky *** and Hyde ***). 

It cannot be said that the antigen in any of the bacteria is an iden- 
tical counterpart either of the Forssman antigen of mammalian tissues 
or, in fact, of the antigen in any other species of bacteria, since they 


4.—/mmunologic Properties of Bacteria Containing Forssman’s Antigen * 


Antigens of Limited Antigens of Wide- 
Activity spread Activity 


Para- Bacillus of 
Shiga typhoid Hemor- 

Bacilli rhagic 

(Groups Pneumo- Anthrax Septi- 

Serologic Reactions Between Type of Test Bacillus BandC) cocecus Bacillus cemia 


Serums immune to bacteria in of sheep red 
containing Forssman’s anti- ells + + + 
gen and animal tissues con- Alexin fixation..... oé + 
taining Forssman’s antigen Absorption of 

antibodies + 


Serums immune to animal Alexin fixation..... 
tissues containing Forssman’s Absorption of 
antigen and bacteria con- anti 

taining Forssman’s antigen 


Serums immune to bacteria Absorption of antibodies from serum immune to: 
containing Forssman’s anti- Shiga dysentery 
gen and bacteria contain- “fill +. _ + 
ing Forssman’s antigen Paratyphoid ba- 
cilli (groups B 
and C + 
Pneumococcus... 
Anthrax bacillus 
Bacillus of hem- 
orrhagie septi- 


Response of animals to in- Rabbit group 
jection of bacteria contain- Guinea-pig group.. 
ing Forssman’s antigen 


Toxicity of serums immune Intravenous route 
to bacteria containing (guinea-pig) 
Forssman’s antigen Intracutaneous 
route (guinea-pig 
+ +- ee + 


* The following list is that of the articles which were used in compiling table 4: 

A. Shiga dysentery bacillus: lijima.42 Meyer, K.: Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 69:134, 1931; 45:97, 1925; footnotes 108 and 112. 
Fujita.2¢ Schmidt, H.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 43:422, 
1925. Jungeblut and Yasui.111_ Brahn and Schiff.25 Eisler, footnotes 
49 and 104. Eisler and Howard.!°74,» Landsteiner and Levine.1° 

B. Bacilli of paratyphoid B group: Rothacker.*! lijima.t? Fujita.45 Junge- 
blut and Ross.4® Seiffert, W. (Zentralbl. f. Bakt. 114:285, 1929). Meyer.1"” 
Eisler, footnotes 49 and 104. Eisler and Howard.!°74. > Landsteiner and Levine.!° 

C. Pneumococcus: Bailey and Shorb, footnotes 26, 50, 1054. Shorb and 
Bailey.44 Eisler and Howard.17e¢ 

D. Anthrax bacillus: Combiesco, Stamatesco, Nestoresco and Adam.*# 

E. Lepisepticus bacillus: Powell.21 Buchbinder.28 Bailey and Shorb.5® Shorb 
and Bailey.** 


121. Kritschevsky, I. L.: J. Infect. Dis. 32:196, 1923; Ztschr. f. Immunitats- 
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122. Hyde, R. R.: J. Immunol. 12:309, 1926. 
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differ among themselves in varying degrees. Thus the various bacterial 
Forssman antigens may be separated on the basis of relative specificity 
into two main divisions—one group containing, for example, the Shiga . 
and paratyphoid organisms, in which specificity is limited, and the other, 
including, among others, pneumococcus, the hemorrhagic septicemia 
bacillus and the anthrax bacillus, in which activity is more wide- 
spread. The reasons for this differentiation become clearer on exam- 
ination of table 4.*° The heterophile antibodies produced by all bac- 
teria are similar in that they react in the various serologic tests (lysis 
of erythrocytes, alexin fixation and absorption of antibodies) with prep- 
arations of animal tissues containing Forssman’s antigen. While they 
behave alike in this respect, they may be divided into two groups on 
the basis of their reactions to other tests. Thus the Shiga dysentery 
and paratyphoid bacilli do not react with the heterophile antibodies 
produced by mammalian heterophile tissues, whereas pneumococcus and 
the bacilli of anthrax and hemorrhagic septicemia do react. In addi- 
tion, neither of the organisms of the former group can absorb sheep 
lysins produced by bacteria, except those induced by the homologous 
strain, whereas all the bacteria of the latter group can absorb the Forss- 
man antibody produced by any species of bacteria. The strict specificity 
of the heterophile antibodies produced by various paratyphoid B and 
paratyphoid C bacilli is further illustrated by the fact that sheep lysins 
preduced by a strain of any antigenic subgroup are absorbable only by 
the homologous strain or by other strains of the same subgroup and not 
by any other paratyphoid bacilli. In a similar manner the two groups 
may be differentiated on the basis that the pneumococcus and the organ- 
ism of hemorrhagic septicemia absorb the normal heterophile anti-sheep 
erythrocyte lysins of human serum, whereas the Shiga and paratyphoid 
bacilli do not. And, lastly, the antiserums produced by the organisms 
of the first group are far more toxic for the guinea-pig than those 
formed by bacteria of the second group. 

The exact reason or reasons for these variations are unknown, but 
additional suggestive facts are available. In the first place, the 
organisms of the Shiga-paratyphoid group produce herterophile anti- 
bodies of much lower titer (the immune serums are from one-tenth 
to one-seventy-fifth as potent) than those produced by the pneumococcus 
and the bacillus of hemorrhagic septicemia.’** Second, when suspen- 
sions of the first two organisms are combined for immunization, they 
produce higher titers of sheep lysins than does the suspension of either’ 
organism alone (Jungeblut and Ross **). The first condition might be 


123. Shorb and Bailey #4 have given a complete discussion of the immunologic 
properties of bacterial Forssman antigens. 
124. Bailey and Shorb, footnotes 50 and 105. 
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explained on the basis that quantitatively little antigen is present in the 
strains, with consequent poor production of antibodies, low toxicity for 
the guinea-pig and inability to remove much antibody from the serums 
immune to mammalian or heterologous bacterial Forssman antigens. 
However, the second observation clearly indicates the existence of 
qualitative differences in the antigens found in each species. Indeed, 
as already mentioned, it is possible that even in the pneumococcus and 
the bacilli of hemorrhagic septicemia and anthrax the antigen of each 
species differs qualitatively from those of the other species and from 
those of mammalian tissues. For example, combined immunization 
with the lepisepticus bacillus and sheep cells or successive immunization 
with the pneumococcus and sheep red cells produces sheep lysins of 
higher titers than does either antigen alone.’*’ Meyer °° expressed the 
belief that it is likely that the differences in immunologic specificity of 
the various bacterial Forssman antigens are related primarily to differ- 
ences in the somatic carbohydrates of the organisms, with which they 
appear to be inextricably linked. For the present at least it is possibly 
wiser to ascribe the apparent grouping of bacterial Forssmann antigens 
to both qualitative and quantitative differences. 

Confusing data on the possible existence of multiple heterophile 
antigens are available. Tsuneoka*' found that guinea-pigs and dogs 
receiving injections of boiled sheep cells which contained Forssman’s 
antigen produced lysins for sheep cells which were bound by the 
Forssman antigen-containing organs of certain animals. Friedberger and 
Schiff,??> Weil ?**° and Forssman and Fex '** also were able to produce 
sheep lysins in guinea-pigs by the injection of boiled sheep cells. Since 
the immunized animals contained Forssman’s antigen, it may well have 
been expected that they would not respond to the injection of that type 
of antigen, even though from another animal. The fact that they did 
respond may be assumed to indicate the presence of two distinct Forss- 
man antigens in the tissues of both the guinea-pig and the dog. Although 
twenty years have elapsed since this work was published, no confirmation 
has appeared. 

ANTIBODIES FOR ForSSMAN’S ANTIGEN 

While immunization with tissues containing Forssman antigen 
produces antibodies similar to those formed by other antigens, these 
antibodies have incited an amount of research and discussion dispro- 
portionate perhaps to their importance. This has served, however, to 
‘clarify some principles of immunology for the first time, and there- 


125. Friedberger, E., and Schiff, F.: Berl. klin. Wehnschr. 50:1557 and 2328, 
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fore, in spite of the fact that at present the study of heterophile anti- 
bodies is largely a closed chapter, it is appropriate to devote a special 
section to the subject. 

Response to the injection of Forssman’s antigen into animals is 
manifested by the appearance of various antibodies, These include 
lysins, agglutinins and perhaps cytotropins for red cells and opsonins 
for bacteria, as well as alexin-fixing and flocculating (precipitating ) 
antibodies for extracts of red cells and other tissues and anaphylaxis- 
producing antibodies. In addition, Forssman antiserums produce an 
almost unique local or systemic toxic reaction when injected into ani- 
mals harboring the antigen. 

Lysins for Sheep Erythrocytes.—Forssman,"* in his original publica- 
tion, first described the lysin for the sheep red cells which arises as a 
result of immunization with heterophile tissues. This antibody makes 
its appearance on injection of a Forssman antigen into the rabbit, rat 
and cow, which lack the Forssman antigen, but not after injection into 
the horse, guinea-pig and dog, which possess the Forssman antigen 
(Forssman,’® Sordelli and Fischer **). Intravenous immunization is 
the best (Frei and Griinmandel '**), although other methods, including 
oral administration, are also efficacious (Powell). The sheep antibodies 
are absorbed by watery or alcoholic suspensions of heterophile tissues 
(Orudschiew,'® Sachs and Georgi,*'® Georgi and Seitz,’*® Taniguchi **° 
and Schiff ***). Lysis of sheep corpuscles is most frequently used as a 
test for heterophile antibodies, since it is probably the least invoived 
method of demonstrating their production. Normal rabbits, however, 
possess a varying amount of natural lysin for sheep red cells ( Forss- 
man *® and Friedberger and Schiff **°), and consequently in a test for 
the production of sheep lysins the normal titer must be taken into 
account, since the degree of response to immunization is conditioned to 
some extent by the natural titer of the antibodies. The question obvi- 
ously has arisen as to whether the normal antibody is heterophile or 
isophile (species-specific). It has been found that animals in which 
the tissues do not contain Forssman’s antigen possess a normal sheep 
lysin which is apparently completely beterophile in character. These 
species include the rabbit, ox, rat, swine and man, but man is an appar- 
ent exception to the rule, since, as mentioned previously, a Forssman 
antigen is found in human erythrocytes of certain blood groups. The 
domestic animals (horse, guinea-pig, dog and cat), in which the tissues 
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do contain Forssman’s antigen, do not possess normal heterophile 
sheep lysins, (Nakano,'** Friedemann,'** Mutermilch,’** Rubinstein,’ 
Eisler and Fujioka,’** and Kossovitch, Simsilevitch and Weller ***), 


The exact mode of origin of the normal heterophile lysin is just as 
obscure as that of any so-called normal antibody. The work of Fried- 
berger and Gajzago '** revealed that in rabbits the antibody is conveyed 
from mother to offspring. The passively acquired lysin of the new- 
born rabbit, however, is lost after the first or second week of life, and 
lysins do not reappear until about the middle of the third month. The 
same authors found, on the other hand, that blood of the human cord 
did not contain heterophile lysins. However, from the observations of 
Friedberger, Bock and Furstenheim,'*® confirmed by Davisohn,'*? it is 


Percentage of Incidence of Lysins in Human Serums According to the 
Blood Groups 


Blood Group Fujioka Perry and Rhodes 
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evident that sheep cell lysins in man make their appearance early in life, 
reach a peak at maturity and decline during senescence—a cycle which 
may be taken to indicate that the control of titer is a simple psysiologic 
function of the host. Not all human serums contain lysins for sheep 
cells, and it has been of interest to determine whether the incidence is 
related in any way to that of the blood groups (Fujioka ‘** and Perry 


132. Nakano, H.: Ztschr. f. Hyg. u. Infektionskr. 76:423, 1913. 

133. Friedemann, V.: Biochem. Ztschr. 80:333, 1917. 

134. Mutermilch, S.: Compt. rend. Acad. d. sc. 178:2134 and 2285, 1924. 

135. Rubenstein, P. L.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 50:114, 
1927. 

136. Eisler, M., and Fujioka, N.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 
59:221, 1928. 

137. Kossovitch, N.; Simsilevitch, and Weller, G.: Compt. rend. Soc. de biol. 
110:411, 1932. 

138. Friedberger, E., and Gajzago, D.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 64:294, 1929. 

139. Friedberger, E.; Bock, G., and Furstenheim, A.: Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 64:294, 1929. 

140. Davidsohn, I.: J. Infect. Dis. 53:219, 1933. 
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and Rhodes ?). No direct relationship was proved (Fujioka), but 
the results of both investigators agreed within reasonable limits. 

It is seen that in blood group A the lowest incidence of sheep lysins 
occurs; in group B, a high incidence, and in group O, an intermediate 
value. The low incidence of the sheep lysin in group A may have 
been predicated on the basis of the presence of Forssman’s antigen in 
the erythrocytes of some persons of this group. It should be pointed 
out, however, that the authors did not attempt to ascertain whether the 
serum of persons in group A whose cells do not have the Forssman 
factor possesses the heterophile antibody and vice versa. 

Agglutinin for Sheep Erythrocytes——Recent workers (Kritschev- 
sky *** and Trou-Hia-Hsii '**) succeeded in demonstrating agglutinins 
for sheep red cells in heterophile immune serums, despite the fact that 
earlier investigators (Forssman and Hintze '**® and Friedberger and 
Schiff ?*°) failed to demonstrate agglutinins or obtained only low titers. 
Even normal human serum has been shown to possess heterophile 
agglutinins, although in a low titer, from 1:1 to 1:4 (Perry and 
Rhodes,'** Ramsdell and Davidsohn,'** Paul and Bunnell and David- 
son **°), The secret of demonstrating agglutinins, apparently, is to 
allow erythrocytes to age for a few days (Trou-Hia-Hsii***). Kritsch- 
evsky and Lebedjewa’*’ claimed to have demonstrated heterophile 
cytotropins. Heterophile bacterial opsonins are discussed in the section 
of the paper entitled, “Forssman’s Antigen and Resistance to Disease.” 

Flocculation and Alexin Fixation Reactions.—Sordelli and Pico *** 
found that watery suspensions of alcoholic extracts of heterophile tis- 
sues are flocculated in the presence of the corresponding immune body 
(Sachs and Guth, and Guth,'*® Taniguchi,’*° Niederhoff,?*° Georgi 
and Miiller*®’). The fixation of alexin by this antigen-antibody system 
was observed in the same year by Georgi,®’ Taniguchi,’** Meyer,’®* 
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145. Forssman, J., and Hintze, A.: Biochem. Ztschr. 44:336, 1912. 
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u. exper, Therap. 61:262, 1929. ‘ 
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Buenos Aires 2:261, 1919; (b) Compt. rend. Soc. de biol. 84:174, 1921. 

149. (a) Sachs, H., and Guth, F.: Med. Klin. 16:157, 1920. (b) Guth, F.: 
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150. Niederhoff, P.: Miinchen. med. Wchnschr. 47:1284, 1921. 

151. Miiller, J.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 76:423, 1932. 

152. Taniguchi, footnotes 60 and 130. 

153. Meyer, K.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 34:235, 1922; 
footnote 59, 
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Georgi, Kritschevsky and Messik **** and others. It is of special interest 
that the presence of a normal heterophile antibody in human serums 
can be demonstrated by flocculation of extracts of tissue containing 
Forssman’s antigen (Combiesco, Stamatesco, Nestoresco and Adam **) 
and that watery as well as alcoholic extracts of red cells containing 
heterophile antigen fix alexin with specific immune serums. It is highly 
probable that the Forssman lytic, flocculating and alexin-fixing reactions 
represent merely different functions of the same antibody (Taniguchi,"® 
Meyer,®® Sordelli and Pico and Schmidt 


Toxic Reactions —The union of a Forssman antigen and a Forssman 
antibody in vivo produces three typical toxic reactions: anaphylactic 
shock, primary serum toxicity (reverse anaphylaxis) and carotid-central 
shock. 

Symptoms similar to those of true anaphylaxis can be produced in 
rabbits actively or passively sensitized to heterophile organs by the 
injection of Forssman tissues (Amako ***). As shown by Taniguchi,’ 
the substance producing shock resides in the lipoids, although protein, 
which apparently acts as a vehicle, must also be present (Klopstock **). 


The primary toxicity of normal and immune heterophile serums for 
animals the tissues of which possess Forssman’s antigen may be elicited 
by intravenous or intracutaneous injections of the serum, which lead 
to the development of systemic shock or to the production of local 
lesions. When normal guinea-pigs are given intravenous injections of 
heterophile serum, Friedberger and Castelli *** observed that the animals 
frequently succumbed immediately or within a few hours with symptoms 
of acute respiratory distress ;in some instances mild, nonfatal symptoms 
occurred, which were traceable to marked edema of the lungs. At first 
the mechanism of this condition was not clear (Kraus and Miiller *” 
and Doerr and Weinfurter '*°), but with the discovery of the heterophile 
relationship (Forssman and Hintze,'** Doerr and Pick,’®' Sachs and 


Nathan **) the toxicity is now believed to be due to a union between a 
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footnote 30. 

157. Taniguchi, T.: J. Path. & Bact. 25:77, 1922. 
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8:414, 1911. 
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heterophile antibody in the injected immune serum and the Forssman 
antigen contained in tissues of the guinea-pig. Also susceptible to pri- 
mary serum toxicity are the dog, the chicken and some varieties of 
white mice (Doerr and Pick **). 

Although anaphylaxis and primary serum toxicity in the guinea-pig 
present the same outward symptoms, a number of differences exist 
between the two conditions: 1. Whereas anaphylactic shock in the 
guinea-pig is occasioned by contraction of nonstriated muscle and 
increased permeability of the capillaries, primary serum toxicity seems 
to be due essentially to the latter cause, as evidenced by the extreme 
edema of the lungs of animals suffering shock from injection of toxic 
serum (Redfern '®*), 2. The contraction of isolated smooth muscle 
of the sensitized guinea-pig on the addition of specific antigen to the 
bath in which the organ is suspended is not paralleled by contraction 
of the living uterus or bladder of the normal guinea-pig when primarily 
toxic serum is added to the bath (Friedberger and Seidenberg '**). This 
difference is not due to absence of heterophile antigen in the uterus, 
since Redfern *** found the antigen in that organ. 3. Whereas a 
guinea-pig sensitized to anaphylactic shock may be desensitized by sub- 
effective doses of the antigen, desensitization to toxic serum cannot be 
brought about by treatment with sublethal doses of serum. Occasionally, 
however, guinea-pigs have been protected against a maximum of two 
fatal doses of serum (Forssman and Fex **). 

In addition to immune heterophile serum, normal human and rabbit 
serums, both of which contain natural heterophile sheep lysins, produce 
toxic symptoms on intravenous injection in the guinea-pig (Biedl and 
Kraus,** Kraus and Miiller,’®* Doerr and Pick,’* Taniguchi and 
Ramsdell and Davidsohn ***), This toxicity is distinct from that some- 
times produced by the noninactivated serum of normal animals, which 
is usually correlated with the alexic and not with the hemolytic titer 
of the serum. 


As already stated, the primary toxicity of heterophile serums may 
also be demonstrated by the intracutaneous injection of the serum into 
the guinea-pig or the dog (Doerr and Moldovan *® and Frei and Griin- 
mandel ***) ; the cat, mouse and chicken, which are animals possessing 


162. Redfern, W. N.: Am. J. Hyg. 6:276, 1926. 

163. Friedberger, E., and Seidenberg, S.: Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 51:276, 1927. 
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7:408, 1910. 
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Forssman antigen, fail to react under such conditions. A firm, indur- 
ated and erythematous lesion appears overnight in the skin and is 
followed in a few days by necrosis and sloughing. Microscopically, 
there are early hemorrhage from the capillaries and extensive throm- 
bosis of the small vessels, leading to necrosis (Redfern’*®*), The 
cutaneous reaction may be inhibited by local blockade with trypan blue 
but not with india ink (Jungeblut and Newnan '**). 

Another manifestation of the union of a Forssman antigen and an 
antibody in situ is “central-carotid shock,” first described by Forss- 
man.’*° When immune serum was injected into the carotid artery of 
a guinea-pig, with the needle pointed toward the heart, a new train of 
symptoms was produced. These were thought to be referable to dis- 
turbance in the brain; as evidenced by loss of equilibrium, movement 
of the body in circular fashion, ocular incoordination and other cerebral 
symptoms. Depending on the size of the dose, the animal might 
succumb or recover. Forssman’s findings were confirmed by Fried- 
berger and Schroeder,’ who expressed the belief, based on the necrosis 
of local ganglion cells (Friedberger and Oshikawa ***), that the union 
of the antigen and the antibody occurred in the pons and the medulla, 
whereas Forssman *** offered evidence of the occurrence of the inter- 
action in the cerebellum as well. However, Hirszfeld and Halber and 
Ha!ber '** found that suspensions of the endothelial lining of the blood 
vessels of both the guinea-pig and the horse, when injected into rab- 
bits, produced heterophile lysins and antibodies which were toxic for 
the guinea-pig (central-carotid shock). These authors expressed the 
belief, therefore, that the site of primary antigen-antibody union is on 
the endothelial walls of the blood vessels and that the changes of the 
brain cells are merely secondary. Friedberger and his collaborators 
also found that the normal serum of the rabbit, swine and ox produces 
symptoms of central-carotid shock, in addition to primary serum 
toxicity, when injected in the guinea-pig or the white mouse (Fried- 


berger and Oshikawa,'*?’ Friedberger and Meissner **°), 


168. Redfern, W. N.: Arch. Path. 6:585, 1928; footnote 162. 
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The question whether primary serum toxicity and carotid-central 
shock are due to different manifestations of the same antibody or to two 
distinct toxic antibodies has been raised by Forssman.'® He offered 
the following reasons for his belief that the second alternative offered 
the correct explanation: 1. Ten times the dose of the serum necessary 
for fatal carotid-central shock is necessary to kill a guinea-pig by intra- 
venous injection (Halber and Hirszfeld,’** Forssman'**). 2. Non- 
lethal shock following intravenous injection of heterophile serum does 
not prevent toxic symptoms after injection into the carotid artery 
twenty-four hours later (Flaum '**). 3. Extirpation of the kidneys of 
guinea-pigs prevents intravenous but not carotid shock (Forssman ‘**). 
4. The injection of india ink prevents carotid but not intravenous 
shock (Forssman and Skoog’ and Jungeblut and Newman’). 
Forssman expressed the belief that the hemolysin for sheep erythro- 
cytes, the antibody producing intravenous shock and that producing 
carotid shock, all of which appear after immunization with one hetero- 
phile tissue, are distinct entities. However, the evidence is not fully 
conclusive, and the hypothesis is certainly not an economical one. 

There has also been debate as to whether the origin of the toxic 
antibody violates the unitarian hypothesis of the formation of anti- 
bodies. Oddly enough, most investigators have presented evidence 
which indicates that the toxic antibody which arises as a result of 
immunization is independent of the sheep cell lysin formed simul- 
taneously (Doerr and Weinfurter,°%® Forssman and Hintze,'* 
Friedberger and Goretti and Friedberger, Schiff and Moore,'*® Otto 
and Sukiennikowa,'** Davidsohn and Ramsdell '*? and Bailey and 
Shorb *°). However, Sachs and Nathan,®* Taniguchi,’*’ and Bailey and 
Shorb ** found that the two functions are parallel. Taniguchi, in par- 
ticular, pointed out that the failure to take into account the isophile 
hemolytic titers of immune serums has been the cause of contradictory 
results and that the toxicity of normal serums having heterophile hemo- 
lysins can. most satisfactorily be explained on a unitarian hypothesis. 
Despite prolonged discussion, the controversy does not yet appear to 
be closed. 
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Antibodies for Forssman’s Antigen in Serum Sickness and Infectious 
Mononucleosis —The interesting observation was made by Davidsohn !** 
that there is an increase in hemolytic and, more particularly, in agglu- 
tinating sheep cell antibodies in the serum of persons suffering from 
serum sickness following the administration of horse serum. From 
his extensively controlled work it is apparent that hemagglutinins for 
sheep cells, in contrast to those for ox, rabbit and guinea-pig cells. are 
normally not present in man, or are present only in a low titer. In 
persons in whom serum sickness developed as an aftermath of the injec- 
tion of horse serum, the sheep antibodies were found to be of a higher 
titer than in persons who escaped this malady. The augmented titers 
were evidently specific, since there was no corresponding increase in 
the titer of rabbit hemagglutinins. Furthermore, the sheep antibodies 
could be completely removed by absorption with extract of guinea-pig 
kidney. Davidsohn made no claim that the union of Forssman’s antigen 
in horse serum and the heterophile antibodies in man is the cause of this 
type of serum sickness. His work has been confirmed (Paul and Bun- 
nell and Bunnell ***), and the objections of Kagan are apparently 
without foundation (Davidsohn '**). The findings of Deicher and of 
Hektoen and Perry *** that the injection of numerous serums or serum 
fractions causes an increase in various erythrocyte antibodies in human 
beings and rabbits have no apparent bearing on this matter. 

Paul and Bunnell and Bunnell,'** while studying a group of patients 
suffering from miscellaneous illnesses, observed that in four cases of 
infectious mononucleosis a marked increase in the titer of sheep hemag- 
glutinins was shown, which was even higher than that observed in cases 
of serum sickness. The titer of sheep hemagglutinins apparently rose 
with the onset of symptoms, reached a peak and then declined, disap- 
pearing shortly after recovery. There can be little doubt of the accuracy 
of these observations, since confirmation already has come from a num- 
ber of investigators (Rosenthal and Wenkebach,'** Boveri,’** Bern- 
stein,!** Gorham and: Buchbinder The practical value of this 
test in the differential diagnosis of infectious mononucleosis rests on 
the fact that in other blood dyscrasias (pernicious anemia, lymphatic 
leukemia, purpura haemorrhagica and the like) there is no similar 


183. Davidsohn, I.: (a) J. Immunol. 16:259, 1929; (b) 18:31, 1930; (c) Ztschr. 
f. Immunitatsforsch u. exper. Therap. 17:365, 1933. Footnote 140. 

184. Bunnell, W. W.: Am. J. M. Sc. 186:346, 1933. 

185. Hektoen, L., and Perry, E. B.: J. Infect. Dis. 44:69, 1929, 

186. Paul and Bunnell.4¢ Bunnell.184 

187. Rosenthal, N., and Wenkebach, G.: Klin. Wchnschr. 1:499, 1933. 

188. Boveri, R.: Klin. Wehnschr. 12:666, 1933. 

189. Bernstein, A.: J. Clin. Investigation 13:419 and 677, 1934. 

190. Gorham, quoted by Sprunt, T. P.: Internat. Clin. 3:92, 1933. 

191. Buchbinder, L.: Unpublished data. 
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response. In fact, extensive study may disclose whether glandular fever 
of children, infectious mononucleosis and various leukemic anginas, all 
diseases of unknown causation which at present are grouped under one 
general clinical heading, share a common etiologic agent. Although 
the causative agent of infectious mononucleosis is unknown, the specific 
increase of sheep cell antibodies is probably due to an antigen contained 
in the etiologic agent and not to a nonspecific stimulus. 


ForssMAN’S ANTIGEN AND RESISTANCE TO DISEASE 


It seems logical to expect that infection with organisms containing 
Forssman’s antigen would give rise to heterophile antibodies in addition 
to the specific immune response. That this is the case is demonstrated 
by the occurrence of an augmented titer of the lysins for sheep erythro- 
cytes in persons recovering from lobar pneumonia ** and in rabbits 
suffering from “snuffles” induced by the lepisepticus bacillus.’** The 
diagnostic possibilities of these additional antibodies have been com- 
pletely neglected. There is no record of their presence or absence in 
people suffering from enteric fever or from food poisoning caused by 
organisms of the paratyphoid B or paratyphoid C group or from 
bacillary dysentery of the Shiga type. 

From recognition of the fact that animals produce antibodies against 
the heterophile portion of micro-organisms, it is but a short step to 
the deliberate use of such antigens present in animal tissues or of hetero- 
phile antiserums in the prophylaxis and treatment of disease. Infections 
with the pneumococcus, easily produced in animals in the laboratory, 
have been studied extensively for such results. The first and startling 
observation, made by Bailey and Shorb** in 1931, was that rabbits 
immunized with sheep erythrocytes were relatively resistant to the intra- 
venous introduction of the type I pneumococcus. This was demonstrated 
by a more rapid disappearance of the organisms from the circulation 
and a lower febrile response in the immunized animals than in the 
untreated control animals. Some of the nonspecifically treated animals 
actually recovered from the infection, which was fatal to all control 
animals. In a later and more complete study the authors *° found that 
the degree of protection was, roughly speaking, inversely proportional 
to the virulence of the infecting organism. 


Mortality Combined Mortality 


Rate for Rate for Normal Animals 
Strain of Animals Immunized Strain of and Animals Immunized 
Pneumococcus to Several Tissues Pneumococcus with Tissues Not 
Used in Containing Forssman’s Used in Containing Forssman’s 
Infection Antigen, per Cent Infection Antigen, per Cent 
1 17 1 65 
2 71 2 93 
3 100 (4) 3 100 (4) 


Unpublished 
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In a similar manner the protective action of antipneumococcus horse 
serums in mice infected with the same organism was enhanced by the 
addition of antisheep red cell serum from the rabbit. This observation 
was further confirmed by the observation that the addition of antisheep 
erythrocyte or antipneumococcus rabbit serum increased the opsonic 
qualities of antipneumococcus horse serum. Similar results were 
obtained in the therapeusis of the experimental intradermal infection 
of rabbits induced with the same organism (Powell, Jamieson, Bailey 
and Hyde ***). By intravenous injection of the test serums twenty-four 
hours after infection it was found that serum of rabbits immunized 
against boiled sheep erythrocytes cured infections with the pneumococcus 
types I, II and III. Likewise a polyvalent antipneumococcus rabbit 
serum, which contained a low titer of pneumococcus antibodies and a 
high titer of sheep lysins, cleared infection with any type of pneumo- 
coccus. Lastly, it was found that when antipneumococcus horse serum 
was pooled with heterophile rabbit serum, less of either serum was 
necessary than when each was used alone. Results such as these obtained 
in a disease which is only partially amenable to serum therapy are 
encouraging, and the practical application of this method to clinical medi- 
cine may lead to interesting results. 

The only other publication on the protective activity of heterophile 
antibodies is a short note on the survival of two rabbits immune to sheep 
cells after inoculation with a quantity of anthrax bacilli which was fatal 
to two control animals.*** 


MISCELLANEOUS PRACTICAL APPLICATION OF KNOWLEDGE OF 
ForssMAN’s ANTIGEN 


It has been noted that alcoholic extracts of the heart of the guinea- 
pig, horse and dog must be excluded as antigens in the Wassermann 
and Kahn tests, since they may give false positive reactions with serum 
containing high titers of sheep cell lysin (Ruediger,’** Taniguchi,’ 
Meyer and Hooker 


The thermostability of Forssman’s antigen has been utilized in a 
method for the forensic detection of horse-meat (Bauer '®® and Sachs 
and Guth ****). By its ability to absorb the sheep lysins from a Forss- 
man antiserum or by the complement-fixation test cooked horse-meat 
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sausage can be differentiated from sausages containing the meat of ani- 
mals which do not possess Forssman’s antigen (cow and swine). 

The fact that the lepisepticus bacillus produces a high titer of sheep 
lysins in rabbits has led to its use as an adjuvant to sheep red cells in 
the production of a potent sensitizer for the Wassermann reaction. 

It is possible that the toxicity of therapeutic horse serums and 
certain bacterial vaccines is referable to the presence of Forssman anti- 
gens which react with the normal sheep lysins of man. Similarly, a 
disease of children known as goat’s milk anemia, which follows the 
ingestion of this food, is thought by some investigators to have a simi- 
lar explanation (Frei and Griinmandel ***). 


ANTIGEN FOUND IN THE SHIGA BACILLUS AND IN HUMAN 
ERYTHROCYTES 


The occurrence of another heterophile relationship, independent of 
Forssman’s antigen, in the Shiga bacillus and in human erythrocytes 
was reported by Eisler.*°° Its presence was demonstrated by the agglu- 
tination and lysis of human erythrocytes of all the blood groups by 
the serum of goats immunized to the Shiga bacillus but not by the 
serums of rabbits or of a horse similarly treated. The new substance 
is unlike Forssman’s antigen not only with regard to the species of 
animals susceptible to immunization but in its sphere of distribution in 
animal tissues. While Forssman’s antigen occurs in a widespread man- 
ner in the animal kingdom, the former antigen apparently is limited 
to human erythrocytes (it is not present in those of the mouse, rat, 
sheep, chicken, guinea-pig and rabbit) and to the Shiga bacillus. 

The chemical structure of the human erythrocyte antigen, which like 
the Forssman antigen is found only in certain strains of the Shiga bacil- 
lus, is similar to that of Forssman’s antigen occurring in the same 
bacillus. It is thermostable,?" is found in carbohydrate fractions of 
the organism *° and is destroyed by the lytic action of certain bacterio- 
phages.?°? While Witte’s peptone,’®* which inhibits the activity of the 
iso-agglutinins of human serum, also inactivates the goat-produced 
agglutinin for human red cells, the two antibodies are probably not 
related, since strains of the Shiga bacillus which contain the human 
erythrocyte antigen have no effect on the human iso-agglutinins. 

A third heterophile antigen in the Shiga bacillus has been described 
by Schiff.2°* This antigen is present in a subgroup of human erythro- 
cytes of the blood group O (OA, Landsteiner). 


200. Eisler, M.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 67:38, 1931. 
201. Eisler, M.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:48, 1931. 
202. Eisler, M., and Howard, A. F.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 71:473, 1931. 

203. Schiff, F.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 82:46, 1934. 
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ANTIGEN PRESENT IN THE PARATYPHOID B BACILLUS AND IN 
HUMAN ERYTHROCYTES OF GROUP A 


The properties of a heterophile antigen present in the paratyphoid B 
organism and in human erythrocytes of group A, the existence of which 
was first reported by Landsteiner,”°* have been studied by Eisler.*® This 
antigen, in contrast to the antigen of the Shiga bacillus and human 
erythrocytes, produces agglutinins only for group A of human erythro- 
cytes and only when injected in the rabbit. It also differs from the 
antigen of the Shiga bacillus and of human erythrocytes in that, like 
the Forssman antigen of the paratyphoid bacillus, it is found in the lipoid 
and not in the carbohydrate fraction of the bacillus..°°%* It should be 
remembered, however, that Eisler himself placed doubt on the validity 
of his work on alcoholic extracts. The antigen of the paratyphoid B 
bacillus and human erythrocytes of group A is similar to that of the 
Shiga bacillus and human erythrocytes in that it does not absorb the 
a iso-agglutinin of man and in that its own antibody is also inactivated 
by Witte’s peptone.'®* 


ANTIGEN PRESENT IN PNEUMvuCOCCUS AND HUMAN ERYTHROCYTES 
OF GROUP A 


The pneumococcus apparently contains, in addition to Forssman’s 
antigen, an antigen in common with human cells of blood group A. 
The presence of this antigen is suggested by the fact that antipneumo- 
coccus horse serum (which does not contain Forssman antibodies) 
agglutinates human erythrocytes of group A.?°* 


ANTIGEN PRESENT IN THE HEMORRHAGIC SEPTICEMIA BACILLUS 
AND BIRD ERYTHROCYTES 


The presence of a heterophile antigen in the bacteria of the hemor- 
rhagic septicemia group and in a wide variety of the erythrocytes of 
birds was reported by Buchbinder.** This antigen was demonstrated by 
the agglutination and lysis of the erythrocytes of birds, by the serum 
of the rabbit, guinea-pig, rat and monkey (Macacus rhesus) immunized 
to various strains of bacteria of the hemorrhagic septicemia group. As 
shown by various tests, the antigen is probably distinct from the Forss- 
man antigen, which is also found in certain strains of this group of 
organisms. Thus, birds and bacteria which possess the additional antigen 
do not necessarily possess Forssman’s antigen and vice versa. Likewise 
antibodies for each antigen may be found side by side in the same animal 
and may be absorbed independently by sheep or pigeon erythrocytes. 


204. Landsteiner, K.: Science 73:403, 1931. 
205. Bailey and Shorb, footnotes 44 and 50. 
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Finally, the guinea-pig, which usually does not respond to the injection 
of Forssman’s antigen, produces heterophile antibodies for bird 
erythrocytes. 

A comparative study of fifty strains of the hemorrhagic septicemia 
group for the presence of both heterophile antigens yielded interesting 
results. The antigen of bird erythrocytes was distributed more widely 
(eighteen of forty-seven strains) than Forssman’s antigen (seven of 
forty-seven strains). Furthermore, strains of the bacillus of bovine 
and avian origin usually lacked both antigens. It should be mentioned 
that it is still uncertain how many different species of the hemorrhagic 


TaBL_e 5.—Distribution in Class Aves of Antigen Present in the Hemorrhagic 
Septicemia Bacillus and Bird Erythrocytes 


Number of Families Number of Species Number of Birds 
Examined Examined Examined 


Order* Positive Negative “Positive Negative “Positive Negative 


Struthioniformes oe 1 oo ee 1 
Tinamiformes 1 1 
Galliformes 2t 3 15 
Hemipodiformes os 1 
Columbiformes. 
Ralliformes. 


eee 


Accipitriformes 
Strigiformes 
Psittaciformes 


1 
1 
2 
2 
4 
63 


ll 


* The orders are listed in accordance with the Hand-List of Birds published by the British 
Museum (1899-1909), but with a revised nomenclature. 
t Each family contained species with and others without the antigen. 


septicemia organism are represented by the strains thus far isolated from 
a multitude of animals. No clearcut differentiation into groups is estab- 
lished by the usual serologic, biochemical, morphologic and pathologic 
tests, and it is possible that the presence or absence of the heterophile 
antigens will be of service in arriving at an accurate classification. 


In contrast to the heterophile antigens of the Shiga bacillus, in which 
both types are either present or absent (Eisler *°'), the Forssman antigen 
and that of bird erythrocytes seem not to occur in hemorrhagic septi- 
cemia bacilli according to a regular rule. Both antigens or either antigen 
may be present in a given strain. It is possible, however, that the 
missing antigen may be present, though unrevealed. 

The distribution of the bacterial-avian antigen in birds is widespread, 
but it has not been found in any of a number of mammalian tissues 


4 
1 ee 1 oo 
Charadriiformes..............+ 1 1 
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examined. As shown in table 5, the antigen occurs regularly in a great 
variety of birds. The two most ancient orders (Struthioniformes and 
Tinamiformes) apparently do not possess it, whereas, with the exception 
of some members of the orders Galliformes, Pterocliformes and Anseri- 
formes, all the more recent orders do. While the objection may be 
raised that the series is incomplete, the trend, nevertheless, may be taken 
to indicate a regular phylogenetic occurrence of this antigen throughout 
the order. 

Other studies have revealed that two distinct heterophile antibodies 
may be elaborated by a host suffering from a single infection.*” “Snuf- 
fles” was induced in six rabbits by the intranasal instillation of a strain 
of the lepisepticus organism, which contains both the Forssman antigen 
and the heterophile antigen of bird erythrocytes. Weekly examination 
of the serum of these animals revealed that all produced antibodies for 
one or for both heterophile antigens. 

Since the serum of the rabbit contains normal antibodies for sheep 
and pigeon erythrocytes (Landsteiner and Reich*) and the naso- 
pharynx sometimes harbors the lepisepticus organism (Webster *°*), 
the possibility of a causal relationship suggests itself. A comparison, 
however, of the nasopharyngeal flora of fifty adult rabbits with the 
titers of their serum for both types of erythrocytes revealed no correla- 
tion.*°° A significant answer to the question might be supplied by a 
systematic study of the serum and nasal flora of young rabbits over 
an extended period (Shorb and Bailey **). 


HETEROPHILE ANTIGENS FOUND ONLY IN ANIMAL 
TISSUES 

In addition to the bacterial-avian and bacterial-animal-avian hetero- 
phile antigens, there is still another group which has been found only 
in certain animal tissues but which has not been extensively studied. 
These substances all have the common property of solubility in alcohol 
and are present preeminently in animal erythrocytes, although in some 
instances they are contained in other tissues as well. Heterophile anti- 
gens of this type are found in the ox, goat and sheep (Ehrlich and 
Morgenroth,® Morgenroth and Rosenthal *°° and Forssman *"°) ; in the 
horse and donkey (Landsteiner and van der Scheer *"') ; in the rhesus 
monkey and swine and in the horse and rat (Landsteiner and van der 


} 


— 


206. Buchbinder, L.: Unpublished data. 

207. Landsteiner, K., and Reich, H.: Ztschr. f. Hyg. u. Infektionskr. 58:213, 
1908. 

208. Webster, L. T.: J. Exper. Med. 39:857, 1924. 

209. Morgenroth, J., and Rosenthal, F.: Biochem. Ztschr. 39:89, 1912. 

210. Forssman, J.: Biochem. Ztschr. 77:104, 1916. 

211. Landsteiner, K., and van der Scheer, J.: J. Exper. Med. 41:427; 1925. 
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Scheer ***) ; in the swine, ox and human erythrocytes of group A 
(Witebsky, Witebsky and Okabe and Okabe ***) ; in the cat and horse 
(Kritschevsky and Messik***”); in the dog, swine and cat and man 
(Krah and Witebsky ***), and finally in man and the rhesus monkey 
(Buchbinder **°). It is probable that in the future some of these anti- 
gens will be found to overlap. 


HETEROPHILE ANTIGENS FOUND ONLY IN MICRO- 
ORGANISMS 

Some heterophile antigens are known to be present solely in micro- 
organisms. They are relatively few as compared to the multitude of 
organisms in which the serologic properties have been studied, yet it 
seems likely that many more remain undisclosed. Studies of the chem- 
ical nature of the overlapping substances in different species of bacteria 
have revealed that some are carbohydrates, some nucleoproteins and some 
of lipoid character, but otherwise ill defined. Heterophile antigens in 
bacteria which are of carbohydrate nature are found in the pneumo- 
coccus of type II and Friedlander’s bacillus B (Avery, Heidelberger 
and Goebel ***) ; in the typhoid and enteritidis bacilli (Furth and Land- 
steiner *"7), and in the gonococcus, meningococcus and pneumococcus of 
type III (Miller and Boor ***). Heterophile antigens which are nucleo- 
protein in nature are found in the pneumococcus and streptococcus 
(Lancefield #*°) ; in the colon-typhoid group of bacteria (Furth and 
Landsteiner **7 and White **°), and in the pneumococcus, meningococcus 
and gonococcus and N. catarrhalis (Boor and Miller ***). Heterophile 
antigens which are lipoid-soluble are found in the tubercle and diph- 
theria bacilli (Boquet and Négre **? and Krah and Witebsky ***). The 
recent work of Avery, Goebel and Babers *** suggested that the sugars 


212. Landsteiner, K., and van der Scheer, J.: Proc. Soc. Exper. Biol. & Med. 
22:98, 1924; footnote 117. 

213. Witebsky, E., and Okabe, K.: Klin. Wchnschr. 6:1095, 1927. Witebsky.°° 
Okabe.®1 

214. Krah, E., and Witebsky, E.: Ztschr. f. Immuitatsforsch. u. exper. Therap. 
65:473, 1930. 

215. Buchbinder, L.: J. Immunol. 25:33, 1933. 

216. Avery, O. T.; Heidelberger, M., and Goebel, W. F.: J. Exper. Med. 42: 
709, 1925. 

217. Furth, J., and Landsteiner, K.: J. Exper. Med. 47:171, 1928; 49:727, 1929. 

218. Miller, C. P., and Boor, A. K.: J. Exper. Med. 59:75, 1934. 

219. Lancefield, R. C.: Proc. Soc. Exper. Biol. & Med. 22:109, 1924. 

220. White, P. B.: J. Path. & Bact. 35:77, 1932. 

221. Boor, A. K., and Miller, C. P.: J. Exper. Med. 59:63, 1934. 

222. Boquet, A., and Négre, L.: Ann. Inst. Pasteur 37:787, 1923. 

223. Krah, E., and Witebsky, E.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 66:59 and 78, 1930. 

224. Avery, O. T.; Goebel, W. F., and Babers, F. H.: J. Exper. Med. 55:761, 
1932. 
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of the pneumococcus and of Friedlander’s bacillus, which are respon- 
sible for their partial serologic overlapping, may differ only in their 
being stereo-isomers. 

Heterophile antigens which occur in different classes of micro- 
organisms are represented by the antigen in red yeast and in various 
strains of enteric bacteria (Ballner and von Sagasser ** and Cohn '‘) ; 
by another antigen in the pneumococcus and in brewers’ yeast (Sugg and 
Neal **°), and by a third in the proteus X bacillus and the rickettsia of 
typhus fever, Rocky Mountain spotted fever and tsutsugamushi fever 
(Weil and Felix ***). The heterospecificity of the pneumococcus and 
yeast are apparently due to the presence of similar carbohydrates. 


WEIL-FELIX REACTION 


The Weil-Felix reaction is included among the heterophile phenom- 
ena because there is now little doubt that it is brought about by a specific 
antigen-antibody reaction. Although the agglutination of strains of 
B. proteus X by the serum of most human beings suffering from typhus 
fever has been accepted as a fact since 1916, the basis of this specificity 
has been questionable. Until recently, most bacteriologists refused to 
accept the theory advanced by the original authors, who expressed their 
belief in the specificity of the reaction, since the agglutinins for the 
proteus X bacillus appeared only as the result of an antigenic stimulus, 
presumably supplied by the virus of typhus, but the weight of evidence 
today impels acceptance of the original view (Felix ***). 

The agglutination of B. proteus X occurs practically only in typhus 
and typhus-like fevers and not in other febrile conditions (Weil and 
Felix **°). In almost all diseases now known to have a rickettsial etiol- 
ogy, agglutinins are produced for one or another serologic variety of 
Bacillus proteus O X. Likewise, animals experimentally inoculated with 
Rickettsia usually produce agglutinins for B. proteus O X—monkey 
(Kuczynski,?** Mooser and Dummer **° and Reiman and Wu 2*°) ; rabbit 
(Weil and Felix **) and rat (Weigl,?*? Kuczynski 22° and Mooser ***). 
In agreement with this, Pfeiffer’s phenomenon can be demonstrated with 


225. Sugg, J. Y., and Neil, J. M.: J. Exper. Med. 49:183, 1929; ibid. 53:527, 


1931. 

226. Weil, E., and Felix, A.: Wien. klin. Wchnschr. 29:33, 1916. 

227. Felix, A.: Typhus Fever, in A System of Bacteriology, Medical Research 
Council, London, His Majesty’s Stationary Office, 1930, vol. 7, p. 412. 

228. Kuczynski, M. H.: Die Erreger des Fleck- und Felsenfiebers, Berlin, 
Julius Springer, 1927. 

229. Mooser, H., and Dummer, C.: J. Exper. Med. 51:189, 1930. 

230. Reimann, H. A., and Wu, C. J.: J. Immunol. 18:159, 1930. 

231. Weil, E., and Felix, A.: Wien. klin. Wchnschr. 29:974, 1916. 

232. Weigl, R.: Klin. Wchnschr. 3:1590 and 1636, 1924. 

233. Mooser, H.: J. Infect. Dis. 44:186, 1929. 
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TABLE 6.—Serum Reactions in Various Forms of Typhus and Typhus-Like 
Fevers (after Felix) 


Country in 


Disease Occurs 
Typhus (epidemic Poland; Asia 
and endemic) Minor 


Tabardillo (Mexi- Mexico 
can typhus) 


Endemie typhus United States 


(Brill’s disease) 


Endemie typhus Australia 


Endemie typhus Rome, Italy 


Rocky Mountain United States 
spotted fever 


Tropical typhus, Malaya 


type W 


Tropical typhus, Malaya 


type K 


Malaya; 
Sumatra; 
Japan 


Tsutsugamushi 


Typhus-like fever Central India 


Fiévreindéterminée Marseilles, 


France 


Which Disease 


Positive 


Positive 


Positive 


Positive 


Positive 


Partly 
positive 


Positive 


Negative 


Negative 


Negative 


Negative 


(partly 
positive) 


Agglutination with 
Bacillus Proteus X 


TypeOX 
Kingsbury 


Negative 


No test 


Negative 


Negative 


No test 


Partly 
positive 


Negative 


Positive 


Weakly 


positive 


No test 


. Authors 


Weil, E., and Felix, A.: Wien. klin. 
Webnschr. 29: 33, 1916 


Maxey, K. F.: Pub. Health Rep. 
41 : 2967, 1926 


Maxcy, K. F., and Havens, L. C.: 
Am. J. Trop. Med. 3: 495, 1923. 
Maxcy, K. F.: Pub. Health Rep. 
41: 1213, 1926. Havens, L. C.: J. 
Infect. Dis. 40% 479, 1927. 


Hone, F. 8S.: M. J. Australia 1: 
1, 1922, Hone, F. S., and Bull, J.: 
ibid. 1: 435, 1923. Wheatland, F. 
T.: ibid. 1261, 1926. Moore, K. 
R.: Health 5: 109,1927 


Conseil, E.: Arch. d. Inst. Pasteur 
de l'Afrique du Nord 18: 86, 1929 


Kuezynski, M. H.: Die Erreger des 
Fleck und Felsenfiebers, Berlin, 
Julius Springer, 1927. Otto, R.: 
Zentralbl. f. Bakt. 106% 279, 1928. 
Munter, H.: Ztschr. f. Hyg. u. In- 
fektionskr. 108: 124, 1928. Kerlee, 
A. L., and Spencer, R. R.: Pub. 
Health Rep. 44: 179, 1929. Spencer, 
R. R., and Maxcy, K. F.: Pub. 
Health Rep. 45: 440, 1930 


Fletcher, W., and Lesslar, J. E.: 
Bull. Inst. M. Research Federated 
Malay States, no. 2, 1925; no. 1, 
1926 


Fletcher, W., and Lesslar, J. E.: 
Bull. Inst. M. Research Federated 
Malay States, no. 2, 1925; no. 1, 
1926 


Fletcher, W., and Field, J. W.: 
Bull. Inst. M. Research Federated 
Malay States, no. 1, 1927. Fletcher, 
W.; Lesslar, J. E., and Lew- 
thwaite, R.: Tr. Roy Soc. Trop. 
Med. & Hyg. 22: 161, 1928. Felix, 
A., and Rhodes, M.: J. Hyg. 31: 
225, 1931 


Megaw, J. W. D.: Indian M. Gaz. 
5G : 361, 1921; 59 : 68, 1924. Megaw, 
J. W. D.; Shettle, F. B., and Roy, 
D. N.: ibid, 60353, 1925 


Burnet, E., and Olmer, D.: Arch. 
Inst. Pasteur de l'Afrique du 
Nord 16:317, 1927. Olmer, D.: 
Marseille méd., Aug. 5 and Nov. 5, 
1925; Bull. Acad. de méd., Paris 
100 : 996, 1928. Boinet; Pieri, J., 
and Dunan, J.: ibid. 100: 949, 
1928; Marseille-méd. 703, 1928. 
Conseil, E.: Arch. d. Inst. Pasteur 
de l'Afrique du Nord 18:86, 1929 
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the serum of patients with typhus fever and Bacillus proteus X 19 
(Friedberger and Friedberger and Schiff ***). Moreover, the toxic 
action of killed suspensions or extracts of Bacillus proteus X 19 on 
normal skin is neutralized by the serum of man and animals suffering 
or recovered from typhus fever (Friedberger and van der Reis and 
van der Reis; **° Weil, Breinl and Gruschka,*** and Fleck and Hes- 
cheles, Fleck and Hescheles and Fleck **7). Finally, and of the utmost 
importance, definite cross-agglutination and absorption of agglutinins 
between B. proteus X 19 and the rickettsia of Mexican typhus fever 
have recently been shown to occur (Castaneda and Zia ***), apparently 
occasioned by the presence of a common soluble specific substance 
(Castaneda 

The widespread occurrence of agglutinins for various strains of 
B. proteus O X in rickettsial diseases is illustrated in table 6. It will 
be seen that in the traditional types of typhus fever B. proteus O X 19 
is agglutinated and that the O X Kingsbury strain is not ; that in Rocky 
Mountain spotted fever either strain may be agglutinated, but that in 
tropical typhus fever of type K and in tsutsugamushi fever, in contrast 
to the other forms and to tropical typhus fever of type W, the OX 
Kingsbury strain is agglutinated in preference to the O X 19 strain. 
Why the Kingsbury strain, which as shown by Felix and Rhodes ** 
is a variant of strain O X 19, should be agglutinated only by the serum 


of rural patients with type K and strain O X 19 only by the serum of 
urban patients with type W is not known. It is possible that an anti- 
genic variation of the virus which corresponded to a similar change in 
B. proteus O X 19 has taken place. If such a concept is correct, it may 
be considered as adding support to the radical and almost universally 
disclaimed hypothesis of Weil and Felix that the virus of typhus repre- 
sents the parasitic stage of the proteus X bacillus. 


234. Friedberger, E.: Deutsche med. Wchnschr. 43:1314, 1353 and 1390, 1917. 
Friedberger, E., and Schiff, F.: Berl. klin. Wehnschr. 58:293, 1921. 

235. Friedberger, E., and van der Reis, V.: Miinchen. med. Wchnschr. 66:1075, 
1919. van der Reis, V.: Med. Klin. 16:601, 1920. 

236. Weil, E.; Breinl, E., and Gruschka, Th.: Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 38:447, 1923. 

237. Fleck, L., and Hescheles, I.: Klin. Wchnschr. 10:1075, 1931. Fleck, L.: 
Krankheitsforchung 8:404, 1930; Ztschr. f. Immunitatsforsch. u. exper. Therap. 
73:282, 1932. Hescheles, I., and Fleck, L.: ibid. 79:514, 1933. 

238. Castaneda, M. R., and Zia, S.: J. Exper. Med. 58:55, 1933. 

239. Castaneda, M. R.: J. Exper. Med. 60:119, 1934. Abe 47 has shown that 
B. proteus X 19 does not contain Forssman’s antigen. 

240. Felix, A., and Rhodes, M.: J. Hyg. 31:225, 1931. 
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Notes and News 


Society News.—Burton T. Simpson has been elected president, Thomas 
Parran Jr., vice-president, and James Ewing, chairman, of the board of directors 
of the American Society for the Control of Cancer. 

At the annual meeting of the American Association of Pathologists and Bacteri- 
ologists, held in New York, the following officers were elected: president, S. B. 
Wolbach; vice-president, N. C. Foot; treasurer, F. B. Mallory; secretary, H. T. 
Karsner; incoming member of council, C. V. Weller. The symposium for the next 
annual meeting, to be held on April 9 and 10, 1936 in Boston, in joint session with 
the American Association of Immunologists, is on “Inflammation.” Arnold R. Rich 
was selected as referee for this symposium. The gold-headed cane of the associa- 
tion was awarded to Frank Burr Mallory of Boston. 

The subject for discussion at the Tenth International Congress of the History 
of Medicine, to be held in Madrid on September 23 to 29, are Arabian medicine in 
Spain, medicine in America at the time of its discovery and colonization and medical 
folk-lore in various civilized countries. 

The annual meeting of the American Public Health Association will be held in 
Milwaukee on October 7 to 10, 1935. 

The Second International Neurological Congress will take place in London on 
July 29 to Aug. 2, 1935. Dr. H. A. Riley, 117 East 72nd Street, New York, is 
secretary for the United States. 


University News, Promotions, Resignations, Appointments, Deaths, etc. 
—Fred E. Mohs and Harold P. Rusch have been appointed to fellowships under 
the Bowman fund for research in cancer at the University of Wisconsin. 

Andrew Hunter, professor of physiologic chemistry in the University of 
Glasgow, has been appointed professor of pathologic chemistry in the University 
of Toronto. 

James Ewing, director of cancer research in the Memorial Hospital, New York, 
and professor of oncology in Cornell University Medical College, has been elected 
a member of the National Academy of Sciences. 

Cornelius S. Hagerty, resident pathologist in the Presbyterian Hospital, 
Chicago, has been appointed assistant professor of bacteriology and pathology in 
the University of Alabama School of Medicine. 

Jules Bordet, director of the Pasteur Institute in Brussels, Belgium, has been 
elected foreign associate of the National Academy of Sciences. 

In the department of pathology and bacteriology of Louisiana State University, 
K. L. Burdon and J. R. Schenken have been appointed assistant professors and 
M. A. Oginsky and B. Pearson, instructors. 

The Chalmers Medal of the Royal Society of Tropical Medicine and Hygiene 
has been awarded to William H. Taliaferro of the University of Chicago, in recog- 
nition of his contributions to the knowledge of animal immunity. 

The John Phillips Memorial Medal of the American College of Physicians has 
been awarded to Leo Loeb, Washington University, St. Louis, for his work on 
pituitary hormones. 

Wilhelm Kolle has died at the age of 66. He succeeded Paul Ehrlich as director 
of the Institute for Experimental Therapy at Frankfort-on-Main. He assisted 
Robert Koch in his investigation of cattle plague in South Africa and was one of 
the pioneers in preventive inoculation against typhoid and cholera. With A. von 
Wassermann, he edited the “Handbuch der pathogenen Mikroorganismen,” and 
recently his book “Experimental Pathology” (written in collaboration with H. 
Hetsch) was translated into English from the seventh German edition. 


Vitamin A Awards.—The sum of $5,000 offered in recognition of research 
on vitamin A has been divided between S. B. Wolbach, Harvard University Medi- 
cal School, for his work on the structural changes in the body caused by deficiency 
in vitamin A, and Karl Mason, Vanderbilt University, for his work on the effect 
of lack of vitamins A and E on certain reproductive tissues. 
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Abstracts from Current Literature 


Pathologic Anatomy 


CHANGES IN THE BoNE IN HopGKIN’s GRANULOMA. L. F. Craver and M. M. 
CopeLanp, Arch. Surg. 28:1062, 1934. 


Of 172 patients with Hodgkin’s granuloma, 27 had involvement of bones, most 
frequently of the spine and pelvic bones. Fracture was rare, but collapse of the 
vertebrae was frequent. Osteoplastic and osteolytic changes were seen in many 
cases. Two routes of osseous involyement are assumed: from marrow foci of 
Hodgkin’s granuloma and from contiguous diseased lymph nodes by direct infil- 
tration of the bone. The intervertebral disks were rarely involved. No relation- 
ship between the structure of the lymph nodes and the types of osseous change 


could be demonstrated. rue AuTHors’ SuMMary [T. D. Ropertson ]. 


Fractures OF NECK OF FeMurR, DisLocaTIONs oF Hip, AND VASCULAR DiIsTUR- 
BANCES WITH Aseptic Necrosis oF Heap oF Femur. D. B. PHEMISTER, 
Surg., Gynec. & Obst. 59:415, 1934. 


Owing to the structure of the hip, certain types of injury are apt to damage 
blood vessels supplying the head or neck of the femur, and on account of the 
inadequacy of collateral circulation aseptic necrosis of the bone and articular 
cartilage in these parts may follow. This in turn leads to nonunion of fracture 
of the neck, flattening of the head of the bone and poor functional results. If the 
bone to which articular cartilage is attached becomes necrotic the cartilage slowly 
dies. The dead bone is invaded slowly by connective tissue and blood vessels, with 
resultant absorption and new bone formation by creeping substitution. This 
process may require months or years for completion. Necrotic cartilage after a 
long interval is absorbed and replaced by either fibrocartilage or connective tissue. 
In case of necrosis in the head of the femur and bony union of the fracture, the 
necrotic area is replaced by new bone provided the dead bone is protected from 
too great weight-bearing during the period of transformation. If it is not pro- 
tected, there may be collapse of the dead portion, leading to a bad deformity and 
poor functional result. Slipped femoral epiphyses in adolescence or late childhood 
may lead to aseptic necrosis, collapse and deformity of the head, presumably as 
the result of injury of blood vessels entering by way of the neck. Traumatic 
dislocation of the hip always severs the round ligament, which in some cases 
contains blood vessels supplying a portion of the head of the femur. Aseptic 
necrosis of this area follows unless there is adequate collateral circulation from 
the vessels of the neck. Congenital dislocations of the hip reduced by manipulation 
or operation and pathologic dislocations may likewise result in necrosis of the 
femoral head if the circulation by way of the round ligament is disturbed. Arthro- 
plasty in two cases of ankylosed hips resulted in aseptic necrosis of the head of 
the femur. The same process may occur in patients with Perthes’ disease or with 
osteochondritis dissecans and in some adults without any apparent etiologic factor 
although the essential change seems to be an interference with circulation. 


From THE AutHor’s Agstract [W. C. Hunter]. 


Tue LESIONS IN THE VASCULAR SYSTEM IN FaTaL CASES OF CHRONIC NEPHRITIC 
TOXEMIA OF PREGNANCY. J. L. McKetvey and H. E. MacManon, Surg., 
Gynec. & Obst. 60:1, 1935. 


The toxemias of pregnancy frequently produce permanent vascular damage. 
Many of the women with this condition die in a short period of time. Statistical 
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evidence from the literature is presented. A clinical and histologic study was 
made of all the cases in the obstetric service of Johns Hopkins Hospital in which 
death was indexed as from nephritis and in which pathologic material was avail- 
able. Two groups of cases emerged: 1. Patients who died during or immediately 
following a pregnancy complicated by a nonconvulsive toxemia from whom no 
history of previous hypertension was obtained showed tubulonephrosis and in no 
case the characteristic lesions described as malignant nephrosclerosis. 2. Patients 
who suffered from a chronic nephritic toxemia of pregnancy in whom hypertension 
had preceded the last pregnancy and had existed for from two to seven years 
before death presented the characteristic lesions of malignant nephrosclerosis as 
described by Volhard and Fahr (1914) and Fahr (1934). 


From THE AutHors’ Summary [W. C. Hunter]. 


LycopoptuM GRANULOMA. I. H. Erp, Surg., Gynec. & Obst. 60:40, 1935. 


The well known effect of lycopodium spores on living tissues is discussed. The 
striking resemblance of the lesions to tuberculosis is of sufficient importance to 
warrant careful histologic investigation of tuberculosis-like lesions encountered in 
unusual locations or in the absence of demonstrable tuberculosis elsewhere in the 
body. The paper deals with six instances of lycopodium granuloma in which the 
spores were obviously introduced into the tissues during some previous operative 
procedure. In two cases, intestinal obstruction resulted from adhesions at the site 
of a previous operation, and evidence is presented to show that these were caused 
by lycopodium spores. The danger of grave complications is great enough to 
warrant discontinuing the use of such spores as a dusting or glove powder in 


operating rooms. Warren C. Hunter. 


Tue CorticAL Liporp OF THE SUPRARENAL IN Mice. RAYMOND WHITEHEAD, 


Brit. J. Exper. Path. 15:279, 1934. 


In mice ill with infectious ectromelia a decrease in the lipoid in the suprarenal 
cortex occurred. Evidence of an increase in lipoid in the early stages of this 
disease was not obtained. The suprarenal glands showed no lesions attributable to 
infectious ectromelia. A decrease in the lipoid was demonstrated in mice starved 
for two days at 13 C., but not in mice starved for two days at 37 C. The supra- 
renal glands of mice kept at 35-38 C. for three days, and of mice receiving powdered 
cholesterol for periods up to one hundred and sixty-five days, contained normal 
amounts of lipoid. Evidence that the suprarenal cortex enlarges in cholesterol-fed 
mice was not obtained. It is suggested that the histologic appearances in glands 
showing lipoid changes could be satisfactorily explained by the view that lipoid is 


a physiologic infiltration. AurHor’s SUMMARY. 


Ascaris LUMBRICOIDES IN THE PerITONEAL Cavity. P. K. Rao, Half-Yearly J. 


Mysore Univ. 7:1, 1933. 


Ascaris lumbricoides was found in the peritoneal cavity of a child. Some of 
the ascarids were dead and buried on the surface of the liver, intestine and spleen, 
and others were living and free in the peritoneal cavity. Intestinal perforation 
was not seen at the postmortem examination. 


From THE AuTHOR’S SUMMARY. 


R. WHITtTeE- 


Tue ScHuULTz CHOLESTEROL REACTION IN THE SUPRARENAL CorTEX. 
HEAD, J. Path. & Bact. 39:443, 1934. 


The results of applying the A. Schultz cholesterol reaction to 591 suprarenal 


glands from untreated and treated mice, guinea-pigs and rabbits are described. In 
the permanent cortex of all the suprarenal glands from the untreated animals the 
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appearances after staining with sudan III and after the Schultz reaction differed 
only in color; i. e., all the sudanophil substances present contained cholesterol. 
Under experimental conditions a variable proportion of the sudanophil substances 
were negative to the Schultz test, as in fasting mice and diphtheritic guinea-pigs. 
In cholesterol-fed rabbits, abnormally abundant sudanophil substances gave strongly 


positive reactions in the Schultz test. From THE AutHor’s Summary. 


HEPATOLIENAL Fisrosis. J. McMicuaet, J. Path. & Bact. 39:481, 1934. 


In hepatolienal fibrosis, the spleen is usually markedly enlarged, averaging 
876 Gm. in weight. Histologically the spleen is characterized by the following 
changes: (a) periarterial hemorrhages and (b) dilated venous sinuses. The hemor- 
rhages may develop into areas of periarterial fibrosis or into siderotic nodules. In 
the latter case, crystalline and amorphous iron pigments are deposited in the 
fibrous tissue around the arteries. These pigments consist of iron phosphate, iron 
carbonate and probably also iron oxide and iron hydroxide. In dilation of the 
venus sinuses, thickening of the reticulin of the sinus walls occurs until it shows 
the staining reactions of collagen. The splenic and portal veins are frequently 
affected by endophlebitis, which may become the starting point of thrombosis. 
Histologically the endophlebitis suggests that it may be caused, at least in part, 
by increased pressure in the portal venous system. This could also account for the 
vascular changes in the spleen. The evidence of concomitant hepatitis is considered 
fully, and it is shown that this cannot be excluded even when the liver appears 
normal to the naked eye. Microscopic and clinical evidence of hepatitis may be 
present even when there is no obvious cirrhosis. The proliferative change in the 
spleen has been studied. It is believed to be associated with active inflammatory 
changes in the liver. The syndrome occurs predominantly in the first half of life. 
A comparison of hepatolienal fibrosis with the pathologic condition described by 
Banti and with Egyptian splenomegaly indicates that the three diseases are essen- 


tially identical. From tHe AutHor’s SuMMaRY. 


ANATOMICAL CHANGES IN THE DIAPHRAGM FoLLowiNG PHRENICECTOMY. W. 
Stuart STANBURY, Tubercle 15:300, 1934. 


An analysis of eleven cases of atrophy of the diaphragm following section of 
the phrenic nerve is given. In all but one case evulsion by the method of Felix 
was used. The duration of the paralysis varied from three weeks to six years. 
Atrophy of the diaphragm is evident as early as the third week after section of 
the phrenic nerve and is complete by the fourth month. After paralysis one half 
of the diaphragm is elevated and eventrated into the thorax. With stretching it 
becomes a whitish membrane of parchment-like thinness. Histologically the atrophy 
is complete and uniform. In one case only, a few normal muscle fibers were seen 
in one area. This probably represented an accessory nerve supply rather than 
regeneration. In view of the marked distortion of the abdominal viscera in ten 
of eleven cases, in three of which there was a fatal gastroduodenal obstruction, 
the possibility of such complications must be considered seriously when one is 
advising phrenicectomy for the treatment of pulmonary disease. 

H. J. Corper. 


Heterotopic INTESTINAL Mucosa IN THE StomacH. F. Crar, Beitr. z. klin. 
Chir. 160:145, 1934. 


In fetuses up to the seventh month the stomach may contain either single or 
grouped intestinal crypts. Intestinal mucosa was found in the stomach of a full- 
term infant; also in six of ten stomachs resected for pyloric ulcer. Islands of 
intestinal mucosa are most frequent in the pyloric region and the lesser curvature. 
They may become the seat of inflammatory and ulcerative lesions. 
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Tue ExtTraHeEpPatic GALL Ducts IN BACTERIAL INFLAMMATION AND AFTER INJURY 
BY PANCREATIC FERMENT. W. Brackertz, Centralbl. f. allg. Path. u. path. 
Anat. (supp.) 58:45, 1933. 


Brackertz concludes that the walls of the cystic and common bile duct are 
more resistant to bacterial inflammation than is the wall of the gallbladder. In 
the common bile duct the inflammation usually remains confined to the mucosa, 
whereas in the gallbladder all parts of the wall are quickly involved. When 
stones are present in the common bile duct it responds with hypertrophy, which 
is brought about by a thickening of the usually loose pericholedochal connective 
tissue and to some degree by a thickening of the tunica fibromuscularis. Both the 
cystic and common bile ducts are more resistant to the action of pancreatic ferment 
than is the gallbladder. The differences in reaction to infection are ascribed to 
the anatomic structure of the various parts of the gall tract. The straight part 
of the cystic duct and the common bile duct are composed in the main of connective 
tissue, which is resistant to infection. The loose submucosa and subserosa of the 
gallbladder permit extension of infections. Grornce RUKSTINAT. 


Tue Patuoiocic HistoLocGy oF THE TEAR GLANDS AS RELATED TO AGE AND 
GENERAL Bopity Conpitions. J. F. Bucuaty, Centralbl. f. allg. Path. u. 
path. Anat. (supp.) 58:58, 1933. 


The tear glands from the bodies of 114 persons in the first ten decades of life 
were examined histologically with a view to establishing the absence or the presence 
of: atrophy, fatty change, fat replacement, disorganization, glycogenic infiltration, 
deposition of waste pigments and arterial changes. The conclusions reached were: 
1. Age alterations in the sense of atrophy can begin in the period from the fifth 
to the sixth decade but need not appear then. 2. Atrophy occurs (a) as diffuse 
atrophy of the organ without a strong increase in connective tissue, and (b) as a 
sclerosis with probably secondary passive, for the most part partial, contraction 
of the gland ducts. 3. The degree of fatty change is not dependent on the length 
of the interval between death and necropsy or on the method of fixation. Atrophic 
glands are more likely to have fatty change than are glands of normal size. 4. Dis- 
organization (separation of the gland cells from their basement membrane) is present 
as a postmortem change and in septic conditions in the body. 5. Glycogen was 
never demonstrable in the tear glands. 6. Iron-free brown pigment was found 
in the glands in middle and old age. It was never present in the secretory 
epithelium of the glands or in the lining of the ducts. 7. Infiltrations by small round 
cells and plasma cells were always demonstrable. Young persons had a richer 
collection of small cells in the glands than older persons had, but true lymph 
follicles could be found only in adults. In healthy persons who died from accidents 
a strong infiltration was always evident. 8. Atherosclerotic changes of the arteries 
supplying the tear glands were not evident. 9. Fatty ingrowth occurs in tear glands 


especially as a replacement process. Georce RUKSTINAT. 


LYMPHADENOSIS OF THE BoNnE Marrow. A. F. Zanaty, Virchows Arch. f. path. 


Anat. 292:356, 1934. 


Zanaty opens with a discussion of the terms “myelosis” and “lymphadenosis” 
as preferable to “leukemia,” looking on the delivery of an excessive number of 
immature cells into the peripheral blood as secondary to the hematopoietic hyper- 
plasia and probably purely mechanical. He next points out the rarity of lymph- 
adenosis in which the bone marrow is alone or chiefly involved. In the case 
reported, a youth of 19 years had always been pale but had not been subjected to 
medical attention until the rapidly progressive terminal stage of his illness, which 
was of seven weeks’ duration. The hematologic observations four days before 
death were: hemoglobin, 44 per cent; red blood cells, 1,880,000, and white blood 
cells, 3,600, with 92 per cent lymphocytes, 3 per cent monocytes and 5 per cent 
ripe normal granulocytes. The clinical diagnosis was panmyelophthisis. Splenec- 
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tomy was done two days before death. Necropsy revealed replacement of the 
marrow of the long bones by grayish-white cellular tissue with scattered small 
reddish areas. None of the lymph nodes was enlarged. The marrow was composed 
of young lymphocytes, such tissue largely replacing the erythropoietic marrow of 
the long bones and vertebrae. The case is considered to be one of primary 
aleukemic lymphadenosis of the bone marrow. Anemia may be the only mani- 
festation of myelosis or lymphadenosis of the bone marrow if the proliferative 
process largely replaces erythropoietic marrow and if the new-formed white cells 
do not gain entrance into the peripheral blood. The absence of lymphatics in 
bone marrow may account for the aleukemic course of medullary lymphadenosis. 


O. T. Scuuttz. 


Two Cases oF RETICULO-ENDOTHELIOSIS ASSOCIATED WITH CLINICAL APLASTIC 
Anemia. K. E. Wecutt, Virchows Arch. f. path. Anat. 292:401, 1934. 


The term “reticulo-endotheliosis” as it occurs in the literature covers a variety 
of conditions that differ from each other clinically and anatomically. At one 
extreme are conditions characterized by marked, often tumor-like reticulo- 
endothelial hyperplasia and a normal or nearly normal blood picture; these are 
the aleukemic reticuloses. At the other extreme are disorders with the hematologic 
picture of monocytic leukemia or aplastic leukemia and a reticulo-endothelial hyper- 
plasia that may be detectable only microscopically. Wechtl reports two cases of 
clinical aplastic anemia associated with reticulo-endothelial hyperplasia. The first 
patient was a physician aged 55 years, who had worked with radium during the 
last twenty-seven years of his life. The second patient was a woman aged 55 
years. Each had marked anemia, with poikilocytosis and anisocytosis, but with 
no nucleated erythrocytes; the platelets were reduced in number, and there was a 
tendency to bleeding; there was leukopenia with relative lymphocytosis; in the 
first case the color index was 1.25 and in the second 1.05. The gross anatomic 
findings in the first case were those of aplastic anemia; the bone marrow was not 
hyperplastic. Microscopic examination revealed reticulo-endothelial hyperplasia of 
the spleen, liver and bone marrow. Necropsy of the second patient, who had had 
Bence-Jones proteinuria and enlargement of the spleen and liver during life, 
revealed macroscopic cellular areas in the bone marrow. On microscopic examina- 
tion there was observed in the spleen, liver and bone marrow a reticulo-endothelial 
hyperplasia similar to that noted in the first case. Giant cells of megakaryocyte 
type were more numerous in the spleen in the second case. For the first case 
there is postulated a destructive action of radium on the hematopoietic system, with 
a loss of regenerative power of all its elements except the reticulo-endothelium. 
Wechtl suggests that it may be found in the future that cases of aplastic anemia 
with thrombocytopenic purpura are the result of the action of noxious agents on 
the hematopoietic system, the latter being injured in its regenerative capacity 
except so far as the reticulo-endothelium is concerned. O. T. Scnutrz. 


Patuotocic HistoLoGy OF THE BRAIN IN MALARIA. G. A. VAN pER Horst and 


W. J. C. Vernaart, Virchows Arch. f. path. Anat. 292:417, 1934. 


This report from Batavia is based on histologic examination of the brain in 
twenty-one cases of malaria. The focal changes consisted in perivascular necrosis 
surrounded by a zone of microglial proliferation. Such lesions may be transformed 
into perivascular plaques. They are not specific for malaria. When they are 
associated with pigment and parasites, the histologic diagnosis of cerebral malaria 
may be made. Punctate capillary hemorrhages were noted; such hemorrhages 
also are not specific. In only one of the twenty-one cases was the condition 
clinically of the cerebral type; in this the brain revealed diffuse degenerative 
changes which the authors think warrant the designation of malarial encephalopathy. 

O. T. ScHuttz. 
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E, DrAcert, Virchows Arch. f. path. 


PaTHOLoGIC ANATOMY OF WEIL’s DISEASE. 
Anat. 292:452, 1934. 


The gross and microscopic postmortem observations in six cases of Weil's 
disease are recorded. The alterations noted were much the same as those pre- 
viously described by others. Unusual was the presence of acute endocarditis in 
two cases of the series. In one of these cases, the lesion, an acute endocarditis 
of the pulmonic valve, was studied histologically ; the inflammatory tissue contained 


spirochetes. O. T. ScHuttz. 


HyYALINE CHANGE OF THE SPLENIC ARTERIOLES. MARGARETE Hesse, Virchows 
Arch. f. path. Anat. 292:465, 1934. 


With the view of determining a possible relation of hyaline change of arteries 
to arteriosclerosis, and because this change is so common in the arterioles of the 
spleen, the vessels of this organ were selected for study. With the object of 
detecting the early stages of the process, the arterioles of the spleens of 300 
children were made the basis of the study. Hyaline change was observed in 
nurslings and was as marked in the spleen of a child 3 years of age as in that 
of an adult, suggesting that the process develops suddenly and quickly reaches its 
maximum. Since the condition does not become more marked with advancing age, 
it is possible that the hyaline material becomes liquefied and is removed from time 
to time. No degenerative changes other than the presence of fine fat droplets 
were noted, however. It is believed that the material is a colloid protein substance 
that is deposited in the wall of the vessel from the blood plasma. Arterial hyalin- 
osis bears no relation to arteriosclerosis, although increased blood pressure appears 
to facilitate the deposition of the material. O. T. Scuutrz. 


CHANGES IN THE Nervous APPARATUS OF THE STOMACH IN CHRONIC GASTRIC 
Utcer. P. Stéur, Virchows Arch. f. path. Anat. 292:595, 1934. 


In an excellently illustrated article from the anatomic institute of the University 
of Bonn, Germany, St6éhr summarizes the results of his microscopic study of the 
nervous apparatus in sixty stomachs resected for peptic ulcer. Intact fine neuro- 
fibrils can be seen running through the floor of the ulcer and may even be detected 
in the zone of fibrinoid degeneration and necrosis. Hyperplastic nerves may end 
at the free surface of the floor of the ulcer. The strands and nodal points of the 
Auerbach and Meissner plexuses may be greatly thickened. The increased size 
is due to hyperpiasia of Schwann cells and to an increase in the number of axis- 
cylinders. Such changes are not limited to the region of the ulcer itself, but 
may be noted at distances of several centimeters from it. In the granulation tissue 
of the ulcer hyperplasia of the nerve tissue may lead to neuroma-like enlargement 
of the nerves, and in one specimen a neurinoma-like nodule of proliferated Schwann 
cells was observed in the submucosa. The ganglon cells are swollen, vacuolated 
and degenerated; their dendrites reveal fibrillar swelling. The ganglion cells may 
disappear completely. Although in these specimens there was unmistakable evidence 
of proliferation of Schwann sheaths and axis-cylinders, multiplication of ganglion 
cells was never observed. In a resected stomach with a clinical and roentgenologic 
diagnosis of ulcer, but in which there was no ulcer, changes were noted in the 
nervous apparatus similar to those observed in stomachs with ulcer. Such changes 
are not the result of ulcer; they may be the cause of ulcer. From these and 
previous histologic studies Stéhr concludes that the vegetative nervous system is 
not composed of individualized neurons. The nervous apparatus of tke stomach 
is a continuous plasmatic syncytium in which are embedded ganglion cells, axis- 
cylinders and cells of the sheaths of Schwann. He denies the existence of non- 
medullated fibers. Intimately related to the nervous apparatus are the capillaries, 
smooth muscle cells and secretory cells. The intramural gastric nervous apparatus 
is an integral part of the syncytium of the entire vegetative nervous system. 


O. T. ScHuttz. 
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Microbiology and Parasitology 


Tue Etio.ocy or Mumps. C. D. Jounson and E. W. Gooprasture, Am. J. Hyg. 
21:46, 1935. 


A filtrable virus derived from the saliva of a patient with mumps has been 
carried through fourteen successive generations in monkeys (Macacus rhesus) dur- 
ing a period of sixteen months. In these animals the virus caused an acute non- 
suppurative parotitis analogous to mumps. After fourteen months and eleven gen- 
erations of the virus in monkeys, thirteen supposedly susceptible and four immune 
persons were inoculated with the virus by spraying the oral cavity with an emulsion 
of an infected parotid gland of a monkey. Six of the susceptible persons had 
typical clinical mumps in from eighteen to thirty-three days, three showed question- 
able symptoms and four remained well. None of the four immune persons showed 
evidences of infection. The absence in the community of any illness known to be 
mumps and the geographic distribution of the inoculated volunteers assured against 
contact with any virus of mumps other than that used in the inoculum. These 
experiments prove the identity of the virus of experimental parotitis in the monkey 
with that causing the human disease. The infectivity of the virus of mumps by 
way of the oral cavity is also demonstrated. Froxy rye AUTHORS’ SUMMARY. 


Free GrowTH PErRiop OF TUBERCLE BACILLI IN THE GUINEA Pic Omentum. C. E. 
Wooprurr, Am. J. Path. 10:739, 1934. 


After intraperitoneal inoculation in the guinea-pig tubercle bacilli of the H-37 
strain are first subject to phagocytosis by polymorphonuclear leukocytes. Then 
certain of the bacilli grow freely for a period on, or in, the cells of the omentum 
without exhibiting any chemotactic influence. At the end of this period the bacilli 
again attract polymorphonuclear leukocytes. In guinea-pigs that have been ren- 
dered hypersensitive to tuberculosis, and in normal rabbits, free growth of 
inoculated tubercle bacilli does not occur. From THE AUTHOR'S SUMMARY. 


CHANGES PropUCED IN THE CENTRAL NERVOUS SYSTEM OF THE MOUSE BY THE 
Virus or St. Louis Encepuauitis. J. E. SmMaper and E. Moore, Am. J. 
Path. 10:827, 1934. 


The pathologic picture produced by the virus of St. Louis encephalitis is com- 
parable in man, monkeys and mice. There is no significant difference in the lesions 
in man and monkey. The process seems more severe in mice; in general, the 
cuffing, ganglion cell degeneration and meningeal reaction are more marked. The 
glial reaction about vessels which is common in mice is rarely, if ever, seen in 
man and monkey, whereas the glial nodules which are common in the two latter 
are relatively infrequent in mice. 


Minute Hemorytic Streptococcr. P. H. Lone, E. A. Briss and C. F. Watcort, 
J. Exper. Med. 60:619 and 633, 1934. 


1 (P. H. Long and E. A. Bliss). The cultural and biochemical characteristics 
of a group of hitherto undescribed minute beta hemolytic streptococci from human 
sources have been recorded, and on the basis of the cultural reactions it is suggested 
that the organisms may represent a new species of the genus Streptococcus. 

2 (P. H. Long, E. A. Bliss and C. F. Walcott). Minute beta hemolytic strep- 
tococci were found to occur from one third to one half as frequently in normal 
persons as ordinary beta hemolytic streptococci. They were rarely isolated from 
the rhinopharynges of persons suffering from chronic disease. In persons with 
acute infection of the respiratory tract other than that due to the ordinary beta 
hemolytic streptococci the incidence of minute streptococci was slightly higher 
than in normal persons. In persons with acute streptococcic infections, for example, 
scarlet fever and acute tonsillitis, the incidence of minute hemolytic streptococci 
did not significantly vary from the incidence in normal human beings. Minute 
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beta hemolytic streptococci were found in the throats of thirty-three of forty-two 
patients ill with glomerular nephritis and of twenty-five of fifty-nine patients who 
were suffering from the various manifestations of rheumatic fever. In glomerular 
nephritis and rheumatic infection the minute beta hemolytic streptococci were 
isolated from the throats of more patients than were the ordinary beta hemolytic 


streptococci. From THE AuTHoRS’ SUMMARIES. 


ULTRAFILTRATION OF THE VikUS OF PoLiomyeLitis. M. Tuercer and J. H. Bauer, 
J. Exper. Med. 60:767, 1934. 


From the analysis by ultrafiltration the size of the virus of human poliomyelitis 
has been estimated to be from 12 to 17 microns. Technical difficulties encountered 
and the low concentration of the virus make it seem possible that the virus is 


even smaller. From tHe AutHors’ SUMMARY. 


IncLUSION Bopies IN THE SaLivAry GLANDS. A. G. Kutrner and S. H. Wana, 


J. Exper. Med. 60:773, 1934. 


Acidophilic intranuclear inclusion bodies occur in the salivary glands of Chinese 
infants dying from miscellaneous causes. The lesion is similar to that previously 
described in infants in Europe and America. Attempts to prove that this lesion 
is due to an infectious agent by its production in animals have been unsuccessful. 
Acidophilic intranuclear inclusion bodies have been found in the submaxillary 
glands of hamsters, white mice and wild rats. Evidence is presented to show that 
the lesion in hamsters, white mice and wild rats is due to a virus which is specific 
for each species, which is transmissible to normal individuals of this breed, and 
which is very similar to the submaxillary gland virus of guinea-pigs. 


From THE AuTHorRS’ SUMMARY. 


Tue Errect oF STapHyLococcus AurEUS TOXIN ON THE KipNEy. W. G. Von 
GLAHN and J. T. Wexp, J. Exper. Med. 61:1, 1935. 


The hemolytic Staphylococcus aureus elaborates in vitro a toxin that, when 
injected intravenously into rabbits and cats, produces lesions in the kidneys. The 
toxin injures primarily the blood vessels of the kidney. 


From THE AutTHoRS’ CONCLUSIONS. 


ON THE PRESERVATION OF TypHUS Fever RICKETTSIAE IN CULTURES. C. NIGG, 


J. Exper. Med. 61:17, 1935. 


Cultures of the rickettsiae of typhus fever were as a rule viable and virulent 
after being stored at 37 and —20 C. for several months, whereas they failed to 
survive when stored at the intermediate temperatures of 20 and —4 C. for four 
weeks and ten days, respectively. In one instance cultures were stored at 37 C. 
for eight months without having been transferred, and were subsequently found 
to be viable and infectious. The conditions influencing such long survival of an 
organism which seems to require living tissue for multiplication (as filtrable 
viruses in general do) are discussed. Typhus-infected tissues (minced guinea-pig 
tunica) suspended in a mixture of serum and Tyrode’s solution in sealed flasks 
remained infectious at 37 C. for at least ten weeks. Additional evidence for the 
etiologic significance of the rickettsiae in typhus fever is obtained from the experi- 


ments described. From THE AuTHoR’s SUMMARY. 


TRANSMISSION OF St. Louis AND Kansas City ENCEPHALITIS TO Mice. L. T. 
Wesster and G. L. Fire, J. Exper. Med. 61:103, 1935. 
Mice of special strains given intracerebral injections of a 10 per cent emulsion 
of bacteria-free brain tissue from persons who died of encephalitis in St. Louis 
and Kansas City contract a characteristic and fatal encephalitis. Transmission of 
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the disease can be continued indefinitely by injecting the bacteria-free brain tissue 
from the infected mice into healthy mice. In the infected mice there is an incuba- 
tion period of from three to four days, followed by hyperesthesia, coarse tremors, 
convulsions, prostration and death in from four to six days. The lesions in the 
mice with experimental encephalitis consist chiefly of a perivascular accumulation 
of mononuclear leukocytes throughout the brain, stem, cord and pia and a destruc- 
tion of pyramidal cells in the pyriform lobe and cornu Ammonis. Human 
encephalitic brain tissue preserved in glycerin from the time of death of the 
patient apparently loses its infectivity for mice in about thirty-two days. 


From THE Autuors’ CONCLUSIONS. 


DissociaTION OF THE Gonococcus. C. Raven, J. Infect. Dis. 55:328, 1934, 


The typical form of the gonococcus may undergo dissociative changes with 
appearance of pleomorphic forms, gram-positive diplococci, micrococci and beadlike 
bacilli; these dissociative changes are accompanied by alterations in the sugar 
fermentations and in the serologic reactions. Dissociative forms may be reverted to 
the parent type. The changes described may be comparable to those occurring in 
the human body during the course of gonococcic infection. 

From THE AuTHOR’s SUMMARY. 


Tue CULTURAL AND AGGLUTINATIVE RELATIONSHIPS OF INTESTINAL STREPTOCOCCI. 
J. C. Torrey and E. Monrtvu, J. Infect. Dis. 55:340, 1934. 


No specific serologic type of enterococcus or diplostreptococcus was found asso- 
ciated with the lesions of nonspecific ulcerative colitis. Although one or more 
serologically related groups may be demonstrated by agglutination tests among 
enterococci isolated from intestines showing structural changes, members of such 
groups show differences in antigenic constitution as revealed by reciprocal agglu- 
tinin absorption inconsistencies. No correlation is apparent between fermentative 
activities, resistance to heat and other biologic characteristics of enterococci and 
their serologic relationships. Micrococcus zymogenes is a variant of the entero- 
coccus. Strains of enterococci serologically related to the type reported by 
Saunders as specific for gastric and duodenai ulcers were found in the intestine 
more frequently in patients showing intestinal lesions than in normal adults. 


From THE AUTHORS’ SUMMARY. 


Streptococcus Foop Potsoninc. E. O. JorpaAn and W. Burrows, J. Infect. Dis. 

55: 363, 1934. 

A green-producing streptococcus freshly isolated from a cream pie that was 
epidemiologically implicated in an outbreak of food poisoning yielded a culture 
the filtrate of which (proved sterile), when fed to monkeys in amounts of 25 cc., 
caused symptoms identical with those repeatedly observed after feeding filtrates 
of cultures of streptococci. An ether extract of the filtrate caused vomiting in a 
monkey while the residue after ether extraction caused no symptoms. Tests of 
green-producing streptococci freshly isolated from other sources (one from an 
infected tooth and one from feces) also gave filtrates possessed of enterotoxic 
properties. Two strains of hemolytic streptococci among six tested also yielded 
toxic filtrates; one of the strains was isolated from the throat of a patient with 
scarlet fever and one from heart blood obtained at autopsy. 


From THE AuTHorS’ SUMMARY. 


Propuction oF ABSCESSES WITH FusiForM BACILLI By THE AID OF SCILLAREN-B. 
R. Tunnicuirr and J. Kiern, J. Infect. Dis. 55:380, 1935. 
Subcutaneous injection of small doses of scillaren-B appeared to produce leuko- 


penia and to dilate the cutaneous blood vessels of guinea-pigs so that abscesses were 
produced in the prepared areas by injections of nonvirulent cultures of fusiform 
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bacilli. Fusiform bacilli and spirilla-like organisms were demonstrated in smears 
and sections of the abscesses and were recovered in pure culture. 


From THE AutTHors’ SUMMARY. 


Borpet-GENGOU AND LOWENSTEIN MepriuMs IN DetectiNG TUBERCLE BACILLI IN 
Sputum. L. Misuutow et AL., J. Infect. Dis. 55:402, 1934. 


The Corper-Uyei oxalic acid method of destroying nonspore-bearing contami- 
nants in sputums has given better results than the sodium hydroxide method. 
Culturing sputums on the Bordet-Gengou medium can be successfully substituted 
for inoculation of sputums into guinea-pigs in detecting small numbers of tubercle 
bacilli provided the specimens are not unduly contaminated with acid-resistant and 
alkali-resistant organisms. The Bordet-Gengou medium is especially advantageous 
in that it has simple ingredients, is easily prepared and can be stored for a long 
time, this making it available whenever needed. Tubercle bacilli of both the human 
and the bovine type grow freely and rapidly on this medium, and the growth of 
each type is very characteristic. The Lowenstein medium when used in conjunction 
with the Bordet-Gengou medium is helpful in the further identification of cultures, 
as the human and bovine types of tubercie bacilli also give characteristic growth 
on this medium. The medium is helpful when available but is not necessary for 
isolation, as the Bordet-Gengou medium has given excellent results. The Lowen- 
stein medium has the disadvantage of requiring special ingredients and a special 
method of preparation, and sometimes slowly growing contaminants crop up on 
this medium, which may be due to the use of eggs in its preparation. Culturing 
as a means of diagnosis has the special advantage of saving time and expense. 


From tHE AuTHors’ SUMMARY. 


THE PROPAGATION OF THE VIRUS OF INFECTIOUS LARYNGOTRACHEITIS ON THE 
CHORIO-ALLANTOIC MEMBRANE. F. M. Burnet, Brit. J. Exper. Path. 15: 
2, 1934. 

The virus of laryngotracheitis may be propagated in the chorio-allantoic mem- 
brane of the developing egg. The lesions are primarily due to proliferative and 
necrotic changes in the ectodermal layer; proliferating cells frequently show typical 
intranuclear inclusions similar to those found in the tracheal lesions. 


AuTHorR’s SUMMARY. 


THE DIFFERENTIATION OF THE VIRUSES OF FowL PLAGUE AND NEWCASTLE 
Disease. F. M. Burnet and J. D. Ferry, Brit. J. Exper. Path. 15:56, 1934. 


The viruses of Newcastle disease and fowl plague are highly infective for the 
developing egg, and the use of the technic of their inoculation into the chorio- 
allantoic membrane of the developing egg for their investigation offers a number 
of advantages. The virus of Newcastle disease produces a characteristic lesion in 
this membrane, in which cytoplasmic inclusions can be demonstrated histologically. 
Comparative filtration studies with egg material indicate that the virus of New- 
castle disease is larger (from 80 to 120 microns) than that of fowl plague (from 
6) to 90 microns). The virus of Newcastle disease is more resistant to photo- 
dynamic inactivation by methylthionine chloride, U. S. P. (methylene blue) than 
the virus of fowl plague. These differences, in conjunction with the known 
clinical and immunologic differences, point to the complete etiologic independence 


of the two diseases. AuTHorS’ SUMMARY 


RovuGH VARIATION IN THE CHOLERA VIBRIO AND ITs RELATION TO CHOLERO- 
PHAGE. Y. N. YANG and P. B. Wuite, J. Path. & Bact. 38:187, 1934. 


The phenomenon of roughening in the cholera vibrio is similar to that in the 
salmonella and involves loss of the characteristic soluble specific substance of the 
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smooth organism. All intermediate stages between smoothness and complete 
roughness exist. According to the condition of the ultrapure culture of the cholera 
vibrio exposed to A type of cholerophage the resistant growth is predominantly 
smooth, intermediate or rough in serologic character. Extreme rough variants 
isolated from ultrapure cultures without the help of A type cholerophage are 
identical with those obtained by its use and seem to be invariably resistant to this 
agent. A method of isolating rough variants by means of activated smooth serum 
is described. Exposure of rough races to activated rough serum has led to the 
isolation of races lacking both smooth and rough agglutinating properties, which 
seem to be in some cases resistant to B type cholerophage. Attempts to isolate 
from ultrapure cultures, by methods of simple selection, variants resistant to A type 
phage have met with a single, but apparently significant, success. On the whole 
we are inclined to believe that resistance to A type phage is not a modification 
induced by phage action but that resistant elements are present in the ultrapure 


culture and survive lysis. From THE AutHors’ CoNcLusrons. 


HISTOLOGICAL STUDIES ON THE VARIABILITY OF THE TUBERCLE BACILLUS. W. 
Pace, J. Path. & Bact. 39:689, 1934. 


By means of Giemsa staining a basophilic form of the tubercle bacillus, usually 
slender and bacillary, was found in tubercle cells, caseous tissue and areas of 
recent liquefaction; also an eosinophilic form, represented by more or less plump 
bacilli and granules, was found in old caseous and calcified lesions or foci with 
recent exacerbation, the bacilli being present in large numbers. The eosinophilic 
property was found particularly in cultures killed with formaldehyde solution or 
ether, after the addition of ox bile in the concentration of 10 per cent, and in 
dissociated cultures (S and R forms), as well as in cultures of a strain of a snake 
bacillus ; the property was not present in acid-fast saprophytes such as the smegma 
bacillus. This form corresponded partially to nonacid-fast elements and was 
related also to the youngest stages of tubercle bacilli in cultures, viz., the nonacid- 
fast granules found next to the surface of the medium. Therefore the nonacid-fast, 
eosinophilic stage of the bacillus can be due both to its early age and to a form 
of degeneration. Histologic sections of cultures usually demonstrated: (a) nonacid- 
fast granules; (b) the common acid-fast bacilli, not stained with Mallory’s method 
(chromophobic bacilli) ; (c) chromophilic bacilli, staining intensely with Mallory’s 
method and superacid-fast with the Ziehl-Neelsen method; (d) a chromophilic sub- 
stance (“zoogloea”). Rapidly growing giant cultures obtained directly from the 
sputum or urine of patients with extensive cavities contain large amounts of 
chromophilic substance or consist entirely of chromophilic rods. The latter cultures 
have the external appearance of moth balls with shining surfaces, while cultures 
poor in chromophilic substance have the appearance of wrinkled colonies. In 
dissociated (R and S) strains it is not the amount of chromophilic substance, but 
its distribution, to which the remarkable difference in the histologic and macro- 
scopic appearances of the cultures is due. The amount of chromophilic substance 
in sections of cultures depends on the rapidity of growth and is not connected 
with the “virulence.” Equal amounts of cultures containing chromophilic bacilli, 
however, when injected intracutaneously into both normal and tuberculous guinea- 
pigs, result in much more rapid infiltrations than cultures without the chromophilic 


substance. From tHE AuTHor’s SUMMARY. 


INFECTION WITH NEUROTROPIC YELLOW FEVER VIRUS ON INSTILLATION INTO THE 
Nares AND ConyunctivaL Sac. G. M. Frnpray and L. P. Crarke, J. Path. 
& Bact. 40:55, 1935. 


Nasal instillation of the neurotropic virus of yellow fever into monkeys and 
mice is followed by the development of encephalitis; the virus also reaches the 
peripheral blood stream. The virus is present in the olfactory lobes of the monkeys 
and in the cerebral hemispheres of the mice two days after nasal instillation; later 
there is a general spread throughout the brain. Instillation of the virus into the 
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conjunctival sacs of mice is followed in certain cases by encephalitis. Monkeys 
that have immune bodies to yellow fever in their blood do not contract encephalitis 
after nasal instillation of the virus. The possible routes by which the virus reaches 
the brain from the nasal cavities are discussed. 


From tHe Autuors’ CONCLUSIONS. 


EXPERIMENTS witH B. C. G. Cuttures. M. F. Suarrer, J. Path. & Bact. 40: 


107, 1935. 


Three cultures of BCG from different sources have been examined. These, 
when plated out by a method enabling one to study single colonies, produced 
exclusively R forms and were agglutinated in buffer solutions of relatively low 
hydrogen ion concentration (fu 4.4 to 4.8). Two cultures of BCG 394, tested 
by inoculation, proved to be avirulent for guinea-pigs and rabbits under the 
conditions of the experiment. The properties of the R organisms comprising the 
cultures are described; the presentation agrees with the descriptions given by most 
workers. These three cultures contain no S virulent organisms, as shown by 
repeated platings and animal inoculations. Nor was it possible to induce the 
production of S forms with increased virulence either by five successive transfers 
on egg mediums of a reaction ranging from pa 6.1 to fa 7.8 or with the surface 
addition of various filtered normal (horse, ox, rabbit, sheep) serums, or by three to 
seven transfers on a modified Sauton medium (pa 7.2 to 7.4) alone or containing 
these various serums in 10 per cent amount. No reversion to a virulent form 
resulted in a small series of experiments in which living BCG R and heat-killed 
S organisms were injected subcutaneously into guinea-pigs and in which living 
BCG were injected into rabbits that had previously been immunized with heat- 
killed homologous organisms. 

The frequent occurrence of lesions of the male reproductive organs has been 
noted. From some of these lesions, cultures have been obtained with which it is 
hoped to perform further experiments. Two cultures of tubercle bacilli which 
had been isolated by Dreyer and Vollum from animals inoculated with BCG 
grown in the depths of broth were also examined. These when first plated out 
on Petroff’s egg medium ( pu 7 to 7.4) produced only S colonies, were agglutinated 
in buffer solutions up to pa 3.2 to 3.4, and were moderately virulent for guinea-pigs 
though less so for rabbits. The properties of the S form are described. From 
them it was possible to obtain R variations resembling BCG in appearance by 
growth on egg mediums with a reaction of pa 6.1 to 6.6. Determination of the 
in vivo relationships of the two forms was rendered difficult by their instability 
and by the effect of the method of treatment of tissues on the colony forms 
developed. The importance of the reaction of the solid egg medium in also 
influencing the colony type is indicated. From THE AutHos’s SUMMARY. 


THE S1zE OF THE VIRUS OF POLIOMYELITIS AND OF St. Lours ENCEPHALITIS. 
W. J. Exrorp, I. A. Gattoway and J. R. Perprau, J. Path. & Bact. 40:135 
and 143, 1935. 

1 (W. J. Elford, I. A. Galloway and J. R. Perdrau). Analyses of broth 
suspensions of the spinal cord enlargements of poliomyelitic monkeys by means of 
fractional ultrafiltration indicate the size of the virus of poliomyelitis to be from 


8 to 12 microns. 
2 (W. J. Elford and J. R. Perdrau). By the same method the size of the 
virus of St. Louis encephalitis is found to be from 20 to 30 microns. 


From THE AuTHoRS’ SUMMARIES. 


THE CULTIVATION OF THE Virus oF INFECTIOUS Ectrometta. A. W. Downie 


and C. A. McGaucuey, J. Path. & Bact. 40:147, 1935. 


The virus of infectious ectromelia has been cultivated through seven successive 
subcultures in a medium containing mouse embryo tissue, mouse serum and Tyrode 
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solution. It is estimated that through the series of cultures the original virus has 
multiplied 6 « 1014 times. The virus was present in greater amount in the tissue 
than in the supernatant fluid of the culture material. It produced degenerative 
changes in the tissue. Evidence of growth of the virus was obtained when serum 
was omitted from the medium, also when fowl serum was used in place of mouse 
serum. Adult mouse kidney could be used instead of embryo mouse tissue. 
Although the virus was apparently not pathogenic for young fowls it multiplied 
through several subcultures in chick embryo tissue in the presence of fowl] or 
mouse serum and Tyrode solution. The formation of inclusion bodies in the 
cultures is described. These inclusion bodies also formed readily in chicken embryo 
tissue in passage experiments, although their presence in the original cultures in 
such tissue was not established with certainty. 


From THE AuTHOoRS’ SUMMARY. 


Tue Ectopic Testis. H. W. C. Vines, J. Path. & Bact. 40:161, 1935. 


Unilateral and bilateral ectopia testis are histologically distinct at and after 
puberty; before puberty no constant differences have been observed in equally 
immature testes. After puberty the unilateral ectopic testis undergoes a progres- 
sive atrophy which involves first and chiefly the spermatic epithelium and later 
the interstitial cells. In bilateral ectopia complete testicular atrophy does not 
occur; either there is normal spermatogenesis or else the spermatic tissue atrophies 
while the interstitial cells undergo marked hyperplasia. The atrophy of the 
spermatic tissue, which may occur in both types of ectopia, is a result of puberty. 
It is probably due to the incapacity of the immature testis to respond successfully 
to the stimulus of puberty. The interstitial hyperplasia in bilateral ectopia is also 
an effect of puberty and does not occur in the prepubertal period. It is suggested 
that bilateral ectopia and its associated malformations of the genitalia are not 
governed by the gonad but are parts of an endocrine syndrome which causes 
masculinization of the female in early fetal life. 


From THE AuTHOR’s SUMMARY. 


Immunology 


CHEMO-IMMUNOLOGICAL STUDIES ON CONJUGATED CARBOHYDRATE-PROTEINS. W. F. 
Gorset, O. T. Avery and F. H. Basers, J. Exper. Med. 60:599, 1934. 


The results of the present study indicate that by means of serologic reactions 
it is possible to differentiate selectively the p-aminophenol glucosides of maltose, 
cellobiose, gentiobiose and lactose. The immunologic specificity of disaccharide- 
protein antigens prepared from these derivatives, irrespective of the nature of the 
conjoined protein, is determined by (1) the glucoside molecule as a whole, (2) the 
configuration of the terminal hexose molecule and (3) the position of linkage of 
the two hexose units in the carbohydrate radical. The specificity of the antibodies 
induced by the disaccharide antigens appears to be more sharply defined when the 
configuration of the terminal hexose is of the 6 rather than of the @ type. 


From THE AuTHorS’ SUMMARY. 


Tue ANTIGENIC RELATIONSHIP OF THE ALCOHOL-SOLUBLE FRACTIONS OF BRAIN 
AND TesticLe. J. H. Lewis, J. Immunol. 27:473, 1934. 


Antibrain serums react with alcoholic extracts of testicle, and antitesticle 
serums react with alcoholic extracts of brain. The interaction of brain and testicle 
is independent of species, as antibrain and antitesticle serums will react with 
alcoholic extracts of brain and testicle of different species. Antitesticle serums, 
like antibrain serums, do not react with alcoholic extracts of liver, lung, heart, 
spleen, kidney and ovary of either the homologous or the heterologous species 
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tested. Alcoholic extracts of brain and testicle cannot be distinguished serologically. 
The alcoholic extracts of testicle are iso-antigenic when activated with a foreign 


protein. From THE AuTHOoR’s SUMMARY. 


RATE OF RESPONSE OF RaspBits TO Two ANTIGENS oF TuBERCLE BaciILu. G. B. 
Reep, C. E. Rise and B. G. Garpriner, J. Immunol. 27:487, 1934. 


Tubercle bacilli, both S and R forms, contain a species or group antigen to 
which rabbits are relatively sensitive or responsive. S forms contain, in addition, 
an S-specific antigen to which rabbits show measurable response, as indicated by 
complement fixation, ordinarily only after prolonged immunization. 


FataL Pseupo-ANAPHYLAXIS BY INTRAMUSCULAR INJECTION OF BENZENE AND 
Susstances. P. E. Sterner, J. Immunol. 27:525, 1934. 


Fatal pseudo-anaphylactic shock is produced in guinea-pigs and other species 
by repeated intramuscular injections of benzene and related chemicals. Death is 
due to bronchospasm. Similar reactions are caused by inhalation and intrave ‘ous 
injection of benzene in animals which have had no previous experience with the 
drug. The spasm is not relieved by epinephrine or atropine. It appears quickly 
and after forced ventilation of the lungs disappears equally rapidly. Repeated 
intramuscular injections are necessary, not to cause a state of true allergy, but 
to produce an area of inflammation from which the benzene at subsequent injections 
is absorbed in sufficient amounts to produce a bronchospasm. 


From THE AuTHoR’s SUMMARY. 


A COMPARISON OF THE AGGLUTINOGENS IN RABBITS WITH THOSE IN MAN. W. C. 
Boyp and D. Feitpman, J. Immunol. 27:547, 1934. 


Some of the properties of the two agglutinogens in rabbits are compared with 
those of A, B, M and N in man. The rabbit agglutinogens determine four groups, 
as do A and B in man, and are inherited similarly ; their frequency is quite different. 
Like M and N, they are not accompanied by normal iso-agglutinins, and they do 
not seem to occur outside of the erythrocytes or to be extractable from the erythro- 
cytes with alcohol. They differ from A and B, the human factors, in being 
destroyed by boiling, and perhaps also from M and N. 


From THE AUTHORS’ SUMMARY. 


IMMUNOLOGICAL CHARACTERISTICS OF ForRMOLIZED SERUM Proteins. F. L. 
HorsFA.t Jr., J. Immunol. 27:553, 1934. 


Serum proteins that have been treated with dilute solution of formaldehyde, 
when injected into rabbits, produce precipitins for similarly treated homologous 
and heterologous serums and for native homologous serum. Such serum proteins, 
when injected into rabbits, produce anaphylactins, which may be passively trans- 
ferred to the guinea-pig uterus. The uterus becomes sensitive to the treated 
homologous and heterologous serums and to the native homologous serum. Amino- 
acids that have been prepared in the same way do not saturate precipitins produced 
by the injection of the treated serum proteins, although uncombined formaldehyde 
inhibits their action. The treated serum proteins, when injected into rabbits, 
produce a progressive, marked skin hypersensitiveness to uncombined formaldehyde. 


From THE AuTHoR’s CONCLUSIONS. 


FORMALDEHYDE HyPerRSENSITIVENESS. F. L. Horsratt Jr., J. Immunol. 27: 
569, 1934. 
Experiments on a person hypersensitive to formaldehyde in dilutions of 
1 :8,000,000 are reported. Exposure to minute quantities of formaldehyde by injec- 
tion, immersion or inhalation produced characteristic cutaneous manifestations. 
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The hypersensitiveness was confined to formaldehyde, not extending to the most 
closely related chemical substances. When proteins from four separate species 
were treated with dilute solution of formaldehyde and, containing no uncombined 
formaldehyde, were injected, they produced positive cutaneous reactions. Passive 
transfer to normal human skin could not be accomplished. Evidence is presented 
to show that hypersensitiveness to formaldehyde is the result of an acquired active 
epidermal sensitization following the production of a foreign substance in the skin. 
This substance is formed by the union of formaldehyde and some constituent of 


the skin, which is probably protein. From tHe AutHor’s Conctusions. 


DEVELOPMENT OF PRECIPITINS FOR PRroTeIN, Liporp AND CARBOHYDRATE FRACTIONS 
oF S AND R Forms or Tuspercre Baciiwr. C. E. Rice, J. Immunol. 28:19, 
1935. 


Complement fixation had shown that there are antigenic differences between 
the S and R forms of the tubercle bacillus; the precipitation tests recorded in this 
paper indicated small differences in the protein and carbohydrate substances in 
S and R organisms, although both chemical groups have common fractions. The 
lipoid fractions show no type specificity. During the process of immunization 
with killed S tubercle bacilli there is a relative increase in precipitins for proteins 
and carbohydrates from S organisms over that of precipitins for R proteins and 
carbohydrates. R antiserums, on the other hand, increase in relative reactivity 
with R protein. S antiserums react relatively more strongly with purified globulin 
and polysaccharide preparations made from virulent cultures of human tubercle 
bacilli than do R antiserums. The latter give a relatively stronger reaction with 


purified albumin. From THE AuTHor’s SUMMARY. 


ApsorPTION ANP ELution oF A. H. Rosenuerm, J. Path. & Bact. 
40:75, 1935. 


In the present investigation no indication has been obtained that the H and O 
typhoid agglutinins can be eluted specifically and free from protein after adsorption 
on kaolin or on aluminum hydroxide. All the evidence accumulated, although 
not necessarily implying that the agglutinins are of a protein nature, points to the 
very close association of the antibody with the globulin fraction of the serum 
proteins. Incomplete adsorption of protein was accompanied by incomplete adsorp- 
tion of the agglutinins. Eluates of high agglutinin titer had also a high protein 
titer. Eluents which failed to elute agglutinins also failed to elute protein, and 
partial destruction of protein was accompanied by partial destruction of agglutinins. 
The claim of Frankel and Olitzki to have obtained protein-free preparations of the 
flagellar typhoid agglutinin has therefore not been confirmed. 


From THE AUTHOR'S CONCLUSIONS. 


CoMPLEXITY OF ANTIGENS IN RELATION TO ZONES IN THE PRECIPITATION REACTION. 
N. E. Gotpswortnuy and G. V. Rupp, J. Path. & Bact. 40:169, 1935. 


Multiple zones in the serum precipitation reaction are due, in part at least, to 
the independent activity of multiple antigens and their specific antibodies. Methods 
which from the chemical standpoint are regarded as satisfactory for the prepara- 
tion of pure proteins are not to be accepted as wholly satisfactory from the 
immunologic standpoint, although such methods may be the best available. The 
absorption of precipitins, when practiced with due regard to the principle of optimal 
proportions (Dean and Webb), is a useful technic for eliminating any given antigen 
from a mixture of antigens. Old samples of horse serum in which changes have 
occurred leading to the slow development of a precipitate appear more likely to 
evoke antibodies to two antigenic fractions of the globulin than fresh samples. 


From THE AuTHorS’ CONCLUSIONS. 
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Tue DEMONSTRATION OF ANTIBODIES AGAINST SHEEP BLoop BY THE BALL REAC- 
TION. R. Mue rer, Ztschr. f. Immunitatsforsch. u. exper. Therap. 82:193, 
1934. 


The ball reaction is based on the principle of the Miiller ball test for syphilis. 
The difference lies in the antigen which contains, in addition to the usual lipoids 
of the alcoholic heart extract, the specific antigen corresponding to the antibody 
which is being sought. The specific antigen may be mixed with the solution of 
sodium chloride which is used as diluent, or it may be added directly to the 
general ball antigen. The mode of adding the specific antigen influences the 
results. The procedure was found useful for the diagnosis of different bacterial 
infections and for the demonstration of antibodies against sheep blood. For the 
latter purpose, sheep blood and heterophilic antigens were used. 

I. Davinsonn. 


ANTIBODIES IN HuMAN SERUM AGAINST THE Rep Bioop CorPUSCLES OF THE 
Sueep. Ecpert voN Moers-Messmer, Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 82:203, 1934. 


Fifty-five of 729 human serums agglutinated sheep red corpuscles in dilutions 
which, according to von Moers-Messmer, were above normal. The titers were 
particularly elevated in 7 serums, 2 of which were from patients with infectious 
mononucleosis. The degree of hemolysis was frequently but not regularly parallel 
to the titer of agglutinins. Complement-fixation tests were done with 550 serums, 
use being made of a cholesterolized alcoholic extract of guinea-pig kidney. The 
results were positive in about 10 per cent of the cases. Complement fixation 
coincided more frequently with elevation of the titer of the hemolysin than with 
that of the agglutinin. Von Moers-Messmer is inclined to consider the antisheep 
hemolysin a heterophilic antibody, while the agglutinin is supposed to be a non- 
specific property of serum. There was no relation between the presence of 
heterophilic antibodies and the distribution of blood groups. I. DAVmsSOEN. 


Tue Liporps oF SERUM AND Its BactTerIcIpAL Properties. ERNST HAMMER, 
Ztschr. f. Immunitatsforsch. u. exper. Therap. 82:217, 1934. 


The bactericidal properties of serum, variously designated as leukins, plakins, 
8-lysins and lysozyme, have in common (a) their occurrence in normal serum 
of many animal species including man and (b) a thermoresistance higher than 
that of complement and amboceptors. Extraction of normal rabbit serum with 
ether or chloroform removed its ability to kill typhoid and colon bacilli, but did 
not influence its ability to kill anthrax bacilli. The latter bactericidal quality 
resisted heating at 56 C. for one-half hour but was destroyed by heating at 
63 C. during such a period, while the ability of the serum to kill typhoid bacilli 
was destroyed by heating at 56 C. While a certain amount of guinea-pig com- 
plement did not possess bactericidal properties, it was able to restore the typhoido- 
cidal quality of an inactivated serum, but not its anthracocidal ability. This 
complementary property of guinea-pig serum could be removed by treatment with 
lipoid solvents. The described differences in the behavior of the gram-positive 
and gram-negative bacteria in relation to the serum may be due, according to 
Hammer, to the presence or absence in the bacteria of lipoids, which are necessary 
to permit the bactericidal action. Their absence in the gram-negative bacteria 
necessitates the intervention of the lipoids of the serum. I. Davmsoun. 


ANTIGENIC PROPERTIES OF CARBOHYDRATES. P, UHLENHUTH and E. Remy, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 82:229, 1934. 


Amygdalin, glucosamin, cathartic acid and dextrose, alone and adsorbed to 
aluminum hydroxide, failed to produce antibodies in guinea-pigs. Using a pro- 
cedure similar to that described by Avery and Heidelberger, Uhlenhuth and Remy 
prepared from acacia a product with a decreased content of nitrogen. This product 
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lacked the antigenic properties of acacia, as evidenced by its failure to immunize 
and to sensitize guinea-pigs. The difference, according to Uhlenhuth and Remy, 
is brought about by a decrease in the molecule of the nitrogen compound. 


I. Davipsoun. 


THe Four Laws TuHat Govern Sevective HeEMATOGENOUS LOCALIZATION oF 
ANAPHYLACTOGENS. W. REHM, Ztschr. f. Immunitatsforsch. u. exper. Therap. 
82:241, 1934. 


The localization of hematogenous tuberculous metastases is subject to one of 
four predisposing factors: (1) specific damage (by a previous tuberculous lesion) ; 
(2) nonspecific damage; (3) the tendency of a whole system to be involved; (4) 
general distribution. Riehm relates the old experiments of Kiimmel and the more 
recent ones of: the Seegals and describes his own experiments showing that the 
effect of the said four factors may be reproduced in rabbits in connection with the 
sensitization of these animals to horse serum. Thus, according to Riehm, 
Rosenow’s concept of selective pathogenicity of bacteria is replaced by that of 
selective reactivity of the tissues of the host, and the conception of tissue hyper- 
sensitiveness as being due to an increase in the production of antibodies is replaced 
by the hypothesis that owing to local damage there is an inhibition of the 
formation of antibodies. I. Davipsogn. 


ANALYSIS OF COMPLEMENT. Bier, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 82:251, 1934. 


The technic is as follows: A strip of filter paper is suspended perpendicularly 
above a watch glass containing guinea-pig serum, with the lower end of the strip 
immersed. After from thirty to forty minutes the serum rises by capillary attrac- 
tion to a height of about from 8 to 10 cm. The strip is then cut into 1 cm.-wide 
segments, and the complementary potency of each segment is determined by 
placing it in a test tube containing titrated amounts of sheep red corpuscles and 
amboceptor. Bier found that the four lowest segments lacked complementary 
property, but that this property was present in increasing amounts in the higher 
segments. By means of proper substitutions it was demonstrated that the absence 
of the complementary property was due to a selective disappearance of the 
so-called third fraction of the complement, which is thermostable and is destroyed 
by yeast, bacteria, agar, etc. Yeast is able te destroy the fraction only in active 
serum, while the capillary forces of filter paper are able to destroy it in inactivated 
guinea-pig serum as well. Why does the change take place only in the lower 
segments? Bier refers to experiments of different investigators who showed that 
dilution of guinea-pig serum prevents the destructive effect of such agents as 
venom and yeast. Similarly the diminution in the amounts of serum that reach 
the higher segments may interfere with the destructive properties in the filter 


paper. I. DavipsoHN. 


Tue STRUCTURE OF THE ANTIGEN AND THE PRODUCTION OF ANTIBODIES DURING 
CoMBINED IMMUNIZATION WITH ALCOHOL-SoLuBLE Haptenes. H. SACHS 
and F. Haun. Ztschr. f. Immunitatsforsch. u. exper. Therap. 82:287, 1934. 


The production of complement-fixing antibodies in rabbits inoculated with 
mixtures of hog serum and alcoholic extract of horse kidney was enhanced by 
the addition of heterophilic antiserum to the alcoholic extract. Fractional dilu- 
tion of the alcoholic extract had a similar effect, in contrast to rapid dilution. 
Both observations indicate that a colloidal state of the antigen is important to its 
immunizing ability. The production of antibodies for the accompanying hog serum 
was frequently greater when the antigen was rapidly diluted. When the hapten 
of the alcoholic extract of beef heart was used for immunization of rabbits, the 
addition of human serum giving a positive Wassermann reaction stimulated the 
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production of complement-fixing antibodies to a considerably greater extent than 
did the addition of serum giving a negative Wassermann reaction. This confirms 
similar results of Eagle. I. 


THE RECOGNITION OF ELIMINATORS OF BLoop Group O By MEANS OF A HETERO- 
PHILIC IMMUNE SERUM. F. Scuirr, Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 82:302, 1934. 


All persons are divided into those who do and those who do not eliminate their 
blood group substance in the saliva, urine, etc. The separation of those two 
classes in the group O is difficult because O group specific immune serums are 
not easily obtained. Schiff believes that he has overcome the difficulty by means 
of a heterophilic immune serum which was produced by inoculation of goats with 
Shiga dysentery bacilli. This immune serum agglutinates weakly the red corpuscles 
of all human blood groups, but it has a particularly high titer for the blood groups 
O and As. It permits a specific absorption of the agglutinins anti-O with highly 
diluted samples of saliva, and thus the two classes of the O group can be 


separated. I. DavipsoHn. 


THe Herpes IMMuNity IN Man. H. Hrvuszek, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 82:311 and 326, 1934. 


There is no natural immunity against herpes, but only varying degrees of 
resistance. Natural or artificial infection produces only an immunity which is 
sharply limited to the site of the original lesion, and even there infection with a 
more virulent virus can produce a new lesion, which may be somewhat modified. 
Intra-epidermal and intracutaneous inoculation also produce local immunity. That 
the local resistance is not due to nonspecific inflammatory changes in the skin was 
shown by producing typical herpetic lesions on scars following burns, pyodermias 
and vaccinations. The latter fact speaks against the conception of some authors 
of a relation between the virus of herpes and that of vaccinia. 

I. DavipsoHn. 


THE PREPARATION OF DIFFERENTIAL IMMUNE SERUMS FOR BACTERIA OF THE 
PARATYPHOID-ENTERITIDIS Group. YOSHIMI TAKANO, Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 82:361, 1934. 


The specific or the nonspecific fraction of the antigenic substance in the flagella 
(H antigen) was used for the production of the serums. R forms of Schottmiiller 
or Breslau strains were used to eliminate the interference by the O (somatic) 
antigen, which the R forms do not possess. The single colony technic was used 
to isolate for immunization either a strain with specific H antigen (monophasic 
strain) or one with a nonspecific H antigen (diphasic strain). Rabbits immunized 
with such selected strains produced very reliable serums which permitted one to 
differentiate readily between the members of the Schottmiller and Breslau sub- 


groups. I. DavipsoHN. 


Tumors 


EPENDYMOMA OF THE FituM TERMINALE. I. M. Tartov, Arch. Neurol. & 
Psychiat. 32:1045, 1934. 


Tarlov’s patient, a man aged 54, complained for seven years of pain along the 
lower extremities. An injection of iodized poppy-seed oil 40 per cent suggested 
a tumor of the cauda equina, which at the operation was found about 1 cm. below 
the conus medullaris; it measured 13 by 4 mm. and weighed 0.1 Gm. The tumor 
was made up of numerous spongioblasts, astroblasts, astrocytes and polygonal cells 
which contained blepharoplasts and showed a tendency to ring formation. Because 
of the blepharoplasts, the author chose the name “ependymoma.” 


Georce B. HaAssin. 
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LyMPHOSARCOMA IN Bone, L. F. Craver and M. M. Copetanp, Arch. Surg. 

28: 809, 1934. 

Of 164 cases of lymphosarcoma, 17 showed bone involvement with occasional 
fractures. The skull, spine and femur were most frequently involved, and osteolytic 
changes were the most common. In the skull were found characteristic small 
miliary or larger single punched-out areas of destruction without reactive pro- 
duction of bone. With diffuse involvement of bone osteolytic changes predominated, 
An osteoplastic reaction was noted principally in the vertebrae. 

T. D. Ropertson. 


CHROMAFFIN CELL TuMor CAUSING PAROXYSMAL HYPERTENSION, RELIEVED By 
Operation. F. A. Correr, H. Frecp Jr. and T. M. Durant, Arch. Surg. 
28:1136, 1934. 


A new case of paroxysmal hypertension with chromaffin cell tumor which was 
relieved by operation has been presented and the literature reviewed. Hypertension 
has been a feature in most of the reported cases of chromaffin cell tumor. In 
five of those previously reported, as in our case, the hypertension occurred in 
paroxysms with a recognizable symptomatology. In others, symptoms suggestive of 
such paroxysms have been noted. Subsequent observations may show the paroxysmal 
hypertensive syndrome to be a more constant characteristic than previous reports 
demonstrate. Hypertension has also been noted in cases with a diagnosis of tumor 
of the suprarenal cortex. Chromaffin cell tumors may simulate cortical tumors 
so closely in histologic appearance that diagnoses which are not confirmed by 
chromate staining must be questioned until substantiated by subsequent cases in 
which chromate fixation is practiced. 


From tHE AutHors’ SumMMARY [T. D. Rosertson]. 


DIAGNOSIS OF CHORIOCARCINOMA BY DETERMINING GONADOTROPIC SUBSTANCE IN 
THE Urine. M. L. Levenruat and W. Sapuir, J. A. M. A. 103:668, 1934. 


Early choriocarcinoma was diagnosed and surgically removed on the basis 
of the finding of 333,000 mouse units of gonadotropic substance per liter of urine in 
a patient who had expelled a hydatid mole four and one-half months previously. A 
specimen of the morning urine was diluted with physiologic solution of sodium 
chloride 1: 10, 1: 50, 1: 100 and 1: 1,000. Five infantile white female mice weighing 
from 6 to 8 Gm. were given injections of a total of 3 cc. of each of the dilutions 
within one hundred hours. The animals were then examined for vaginal cornification 
and for ovarian stimulation such as folliculation, hemorrhage and _ luteinization. 
Thus, a positive reaction obtained with 3 cc. of plain urine indicated a minimum 
of 333 mouse units per liter and, accordingly, a positive reaction obtained with 
a 1:10 dilution indicated a. minimum excretion of 3,330 mouse units per liter, 


and so on. WILLIAM SAPHIR. 


Estrin IN Fipro-ApENOMA OF BreEAST. DEAN Lewis and C. S. GESCHICKTER, 
J. A. M. A. 10831212, 1934. 


A fibro-adenoma of the breast of a Negro girl, aged 12 years, contained 6 
rat units of estrin to a gram of tissue. 


A Factor From NorMAL Tissues INHIBITING TUMOR GrowTH. J. B. Murpuy 
and E. Sturm, J. Exper. Med. 60:293 and 305, 1934. 


Extracts of desiccated embryo skin and placenta exerted a definite retarding 
action on two types of transplantable carcinomas of mice, but were without effect 
on sarcomas. In tests involving about 828 inoculations of the tumor cells and 
extracts, complete suppression of growth occurred in from 55 to 71 per cent of 
instances, as compared with from 21 to 27 per cent of the controls, and in prac- 
tically every instance in which growth was not completely suppressed some retarda- 
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tion was found. To judge from findings in rabbits, the inhibitor is not demonstrable 
in the placenta until the beginning of the second third of pregnancy, reaches its 
maximum by the last third, and disappears about two or three days before term. 
Extracts of fresh placenta are without effect, and no very definite inhibition was 
noted with extracts of a variety of other desiccated or fresh tissues. The con- 
clusions reported here are based on the results of over 3,800 inoculations. 

Extracts of desiccated homologous embryo skin and placenta decrease markedly 
the rate of postoperative local recurrence after surgical removal of spontaneous 
cancers of mice. Autografts after a short period of contact with these extracts 
either failed to grow or, in the majority of instances, were definitely retarded. 
Intraperitoneal injection of the extracts was followed by cessation of growth 
of established tumors in more than two thirds of the animals treated, and among 
these many of the tumors regressed and over 20 per cent were completely absorbed. 
Tumor-bearing mice treated with either extract rarely presented new malignant 
foci, though untreated mice frequently did. 


From THE AvuTHORS’ SUMMARIES. 


PROPERTIES OF THE CAUSATIVE AGENT OF A CHICKEN Tumor. D. A. MacFapyen, 


J. Exper. Med. 60:361, 1934. 


Aqueous extracts of chicken tumor I cause a disintegration of yeast nucleic 
acid. Two enzyme activities, a polynucleotidase and a phosphatase, are demon- 
strated. These activities are distinguished by different reactions to an environment 
of hydrogen, different optima of hydrogen ion concentration and different rates. 
Adsorption with aluminum hydroxide type C removes substances inhibiting the 
polynucleotidase activity. There is a rough proportionality between the inhibition 
of polynucleotidase activity and the inhibition of the tumor agent. The poly- 
nucleotidase activity of chicken tumor I is as great as that of spleen, slightly less 
than that of kidney and liver and much greater than that of muscle. There are 


also qualitative differences. From THE AUTHOR’s SUMMARY 


Tumor. A. CLAUDE, 


PROPERTIES OF THE CAUSATIVE AGENT OF A CHICKEN 
J. Exper. Med. 61:27 and 41, 1935. 


1. A brief description is given of the main physical and chemical characteristics 
of active chicken tumor extracts. By special methods constituents have been 
removed from the active solution: the major part of the tumor proteins, which 
are adsorbed on alumina gel and discarded; a carbohydrate present in large 
amounts in the tumor extract, which is eliminated by precipitation in combination 
with gelatin. In both cases the tumor principle is not directly affected and largely 
remains in active form in the solution. 

2. By a rapid method of dialysis the diffusible fraction of the treated extract, 
representing about 75 per cent of the solids, has been eliminated without reducing 
the tumor-producing activity. Combined methods of fractionation have resulted in 
the elimination of as much as 95 per cent of the total solids of the extract as 
inactive constituents. Since there was some concomitant enhancement of the 
activity of the agent the results were equivalent to a twenty-five-fold concentra- 
tion of it in terms of dry weight. The chemical content of the undiffusible fraction 
has been determined in terms of total nitrogen, reducing substances, sulphur, 
phosphorus and lipoids. The evidence points to a protein and a phospholipoid as 
the principal constituents of the active residue. Further fractionation is being 
attempted with a view to connecting the tumor-producing activity with one of its 


remaining constituents. From THE AuTHoR’s SUMMARIES. 
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A Tumor GrowTH-INHIBITING FAcTor FROM HUMAN CONNECTIVE TISSUE. 
Morton and D. N. Beers, J. Exper. Med. 61:59, 1935. 


Extracts from fresh normal human connective tissue (rectus sheath) exhibited 
a decided inhibiting action on grafts of rat tumor 256 transplanted into test animals. 
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There was complete inhibition in 66 per cent of the animals and marked retarda- 
tion in 15 per cent, the tumors in the latter instances being much smaller than the 
controls transplanted at the same time. In only one experiment was there failure 
to obtain a lasting effect in the animals used (19 per cent) ; the tumors, although 
showing an initial retardation, apparently overcame the restraint and at the end of 
five weeks were larger than the controls. Extracts from fresh normal human 
muscle tissue showed no inhibiiting action on grafts of rat tumor 256. 


From THE AUTHORS’ SUMMARY. 


Tumors oF TENDON SHEATHS. J. J. Morton, Surg., Gynec. & Obst. 59:44], 
1934. 


Six of the eleven tumors investigated were of the common xanthomatous 
variety; the remaining ones represented such variations as a pure fibroma of 
adult type cells, a loose ganglion-like form, a tumor containing cartilage and a 
hemangioma. Embryologically and biologically the synovial cell enjoys multi- 
potentiality, so that under certain conditions reversion to primitive connective tissue 
may occur. The synovial cell is closely related to cartilage and bone cells and 
in certain places can differentiate into cartilage. The primitive synovial cell is 
designated as a synovioblast. Tumors springing from tendon sheaths may consist 
principally of the synovial cell or of any of its variants. At the same time sup- 
portive connective tissue and endothelial cells may enter into the structure of 
such tumors and these cells together with macrophages and giant cells lend 
variety and complexity to the growths. The problem of the pathologist is to 
sift the essential from the nonessential elements of any given tumor. A tentative 
classification of synoviogenic tumors is proposed. W. C. Hunter 


THE GROWTH OF THE WALKER Rat Tumour IN YOUNG AND OLp ANIMALS. 
D. S. McEven and D. L. Tuomson, Brit. J. Exper. Path. 15:224, 1934. 


The Walker rat tumor grows at approximately the same average rate in rats 
of all ages from 22 to 900 days. The total weight of the young tumor-bearing 
rat increases at the same rate as that of the normal rat, and more rapidly than 
the weight of the tumor; in the aged rat the increase in total weight is small, 
and the tumor grows largely at the expense of the existing somatic tissues, even 
during the administration of anterior pituitary hormones. 


LYMPHANGIO-ENDOTHELIOMA OF THE HEART CAUSING COMPLETE HEART BLOCK. 
C. B. Perry and H. Rocers, J. Path. & Bact. 39: 281, 1934. 


By the serial section method it was easy to observe the gradual approach of 
the tumor to the auriculoventricular bundle, its entry at the superior angle of the 
bundle and the final complete involvement of the conductive tissue. 


Tissue Cutture or Giiomas. D. S. and J. O. W. J. Path. & 
Bact. 39:375, 1934. 


Two examples of the glioma called by Bailey “spongioblastoma” have been sub- 
mitted to tissue culture, with the result that it is shown to be an astrocytoma. It 
should therefore, in view of its histologic appearance, be named “piloid astrocytoma” 
to distinguish it from the typical astrocytoma composed of stellate cells. This 
interpretation explains the clinically benign character of the so-called “spongio- 
blastoma” of Bailey and others. The term “spongioblastoma” is suitably applied 
to a malignant glioma that is clinically and macroscopically indistinguishable from 
medulloblastoma and composed of cells that resemble the unipolar or bipolar 
spongioblasts of the human fetus. Short summaries of and reference to our 
previous descriptions of two tumors of this kind are given. 


From THE AuTHORS’ SUMMARY. 
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ANTICANCER Bopies 1N ANIMALS IMMUNE TO A HomoLtocous TuMoUR. 
T. Lumspen, T. F. McCrae and E. Skipper, J. Path. & Bact. 39: 595, 1934. 


In over forty rats immunized against Jensen’s rat sarcoma, a high titer of 
serum anticancer bodies was demonstrable within one week from the last immunizing 
inoculation. Anticancer bodies are not demonstrable in the serum of normal rats 
or of rats bearing progressive tumors. In the serum of rats in which tumors 
are regressing anticancer bodies develop pari passu. These anticancer bodies 
have an affinity for cancer cells alone, being quite harmless to normal tissues. 
They are toxic to any variety of malignant cells and not only to the variety used 
as antigen. The ability to produce these anticancer bodies when required is an 
essential factor in acquired and probably in natural immunity to tumor. 


From THE AUTHORS’ SUMMARY. 


RENAL NeopLasMs IN CuiLpHoop. G. A. McCupy, J. Path. & Bact. 39:623, 


1934, 


Thirty-one renal tumors in children were investigated. They were classified 
as follows: teratoma, one; nephroblastoma, twenty-seven; carcinoma, one; sar- 
coma, two. The tumors occurred chiefly in children under 3 years of age and 
were more common in boys than in girls. The left kidney was more often affected 
than the right. Clinically these neoplasms were characterized by an insidious 
onset leading to rapid enlargement of the abdomen which was occasionally 
associated with pain or hematuria or both. Metastases were frequent, and the 
tumor almost invariably recurred soon after operation, resulting in death usually 


in less than a year. From THE AuTHOoR’s SUMMARY. 


Tue GrowTH IN ViTRO OF NoRMAL Mouse CELLS AND OF Mouse CANCER 
CeLtts (CARCINOMA, SARCOMA) IN NEUTRAL AND IMMUNE MeEpIA (SERUM 
PiasMA). M. J. A. des Ligneris, Publ. South African Inst. M. Research 6: 
313, 1934. 


The results of these experiments in tissue culture clearly showed that in the 
serum of sheep treated with repeated injections of mouse carcinoma the developing 
antibodies had, for all practical purposes, none other than antispecies characters ; 
it was not possible to detect in this sheep serum any antibody showing specifically 
“antimalignant” characteristics. Whether mouse carcinoma or normal mouse 
organs were injected into the sheep, the effect of the serum on mouse carcinoma 
cells, on mouse sarcoma cells and on normal mouse cells (liver, lung, kidney, spleen) 
growing in vitro was regularly the same. This result is fully in accordance with 
the results obtained in our immunity experiments with the Rous sarcoma in fowls; 
here also the antibodies forming in the blood of tumor-bearing birds depended on 
individual and on racial particularities; there were no signs of a specific “anti- 
malignant” antibody such as would be expected if an extrinsic factor (micro- 
organism, virus) were present. In the case of the injections of mouse carcinoma 
into sheep, the antibodies forming in the blood acted just as well against normal 
mouse cells and against mouse sarcoma cells as they did against mouse carcinoma 
cells. These experiments also showed the greater: lability of tumor cells as 
compared with stroma cells: If the damaging influence of the antiserum on the 
tumor tissue was allowed to act only for a comparatively short period, one could 
often obtain what may be called a “cicatrization” of the cancerous tissue in vitro; 
the tumor cells were dead, but the “tissuetrephocytes,” i. e., the mesenchymal 
elements of the tumor, survived, multiplied and showed outgrowth when the explant 
was transferred into a nondamaging serum or plasma medium. 


From THE AuTHOR’s CONCLUSIONS. 
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THE GROWTH AND SPREAD OF SIX FILTERABLE TUMOURS OF THE FowL, Trans- 
MITTED BY GraFTs. L. Foutps, Scient. Rep. Invest. Imp. Cancer Research 
Fund 11:1, 1934. 


The foremost conclusion to be drawn from the results of the experiments with 
tumors of fowls is that different tumor strains have distinguishing characteristics 
of growth and dissemination which are retained indefinitely. The distinctions are 
shown in the rate and mode of growth, in the proportion of successful inoculations 
to regressions, in the incidence of metastasis and especially in the distribution of 
secondary tumors. In technical requirements and in results, transplantation of 
fowl tumors resembles transplantation of mammalian tumors. The resemblance is 
closer than would be expected had the filtrable agent of the tumors any con- 
siderable influence on the growth of grafts. The analogies between dissemination 
in fowls and that in mammals are equally impressive. Indeed, the fowl tumors 
reproduce more of the peculiarities of metastasis in man than does any other group 


of transmissible tumors. From tHe AutHor’s SUMMARY. 


HISTOLOGICAL STUDIES ON FILTERABLE TUMOURS OF THE FOWL, WITH SPECIAL 
REFERENCE TO Metastatic Growtus. L. Foutps, Scient. Rep. Invest. Imp- 
Cancer Research Fund 11:15, 1934. 


Histologic examination of atypical growths of fowl tumors reveals individual 
characteristics in different strains and also close parallels with human tumors. In 
thymus, peritoneum, muscle and probably kidney there are proliferations of the 
invaded tissues comparable with the collateral hyperplasias of human tumors. 
These are believed to be indirect results of invasive growth and analogous to the 
hyperplasias which can be produced experimentally. In the pancreas and the 
kidney the pattern of a tumor may be modified by extension of growth within 
the acini and tubules, respectively. On transplantation, atypical tumors revert to the 
parent type, and there is no reason to implicate the filtrable agents in their pro- 


duction. From tHe AutHor’s SUMMARY. 


AUTOPLASTIC TRANSPLANTATION OF THE THYMUS GLAND OF THE FowL., L. Foutps, 
Scient. Rep. Invest. Imp. Cancer Research Fund 11:27, 1934. 


The potentialities of thymic epithelium are completely realized only under 
abnormal conditions. Autoplastic transplantation and tumor invasion lead to a 
degree of epithelial differentiation not found in the normal gland at any age. In 
both instances there is destruction of thymic tissue followed by hyperplasia of 
epithelial cells in an abnormal environment. What element in the latter is 
responsible for the atypical differentiation is not known. A possible explanation 
is that the ingrowth of capillaries and connective tissue allows the epithelial cells 
to assume a polarity which is absent from the normal gland in which connective 
tissue is confined to sheaths around the blood vessels. It may be relevant that 
Hassall’s corpuscles are clustered around the vessels (Bastenié, P.: Arch. internat. 
de méd. expér. 7:273, 1932). It was shown by Ludford (Proc. Roy. Soc. London, 
s.B 98:557, 1925) in tar cancer of mice that where epithelial cells were in contact 
with stroma the distribution of mitochrondria and Golgi bodies was polarized, 
while elsewhere polarity was absent. The assumption of a similar polarity by 
epithelial cells of the thymus might determine the squamous differentiation. 


From THE AuTHOR’S SUMMARY. 


FurTHer Stupies ON Tar CANCER IN Mice MAINTAINED ON Diets SUPPLE- 
MENTED WITH Liver. A. F. Watson, Scient. Rep. Invest. Imp. Cancer 
Research Fund 11:43, 1934. 

The increased tumor response of tar-treated mice when their diet is supple- 
mented continuously with fresh liver is confirmed. The increased response is shown 
by the earlier appearance of the benign warts and by the fact that warts and 
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epitheliomas develop in a larger number of animals. An increased tumor response 
of a similar order is induced if the amounts of liver fed are varied within wide 
limits, or even if the administration of the liver is delayed until the sixth week 
of tar treatment. Although the amounts of liver fed and the conditions of its 
administration have been varied, the average period between the first treatment 
with tar and the time the tumors show clinical signs of infiltrative growth is the 
same as that for the tumors of the mice on the liver-free basal diets. The factor 
or factors in fresh liver responsible for the increased response are comparatively 
heat-stable. A preparation of hogs’ stomachs, stated by the manufacturers to have 
been clinically tested on patients with pernicious anemia, induced no increased tumor 
response in mice. This result gives no support to the possibility of identifying the 
factor responsible for the effect on carcinogenesis with the hematopoietic factor. 


From THE AuTHOR’s SUMMARY. 


MICROINCINERATION STUDIES OF THE TAR Tumors OF Ropents. E. S. Horninc, 


Scient. Rep. Invest. Imp. Cancer Research Fund 11:55, 1934. 


Following micro-incineration the cellular structure in sections of tar tumors 
is sufficiently preserved for making a detailed comparison between the ash of the 
hypertrophied tarred skin and that of the variously differentiated carcinoma cells. 
Striking confirmation of the opinion that fixation of the tissues and the burning-off 
process lead to relatively negligible disturbances in the position and distribution 
of the inorganic salts is shown in the precise preservation of the hypertrophied 
nuclei in the cells commencing to form keratin, as well as in the delicate residues 
left by the subcutaneous adipose tissue. By following certain technical precautions 
in the incineration of neoplastic tissues it has been possible to trace a difference in 
the color value of the ash which accompanies the skin hyperplasia and the subse- 
quent development of the tumor cells. The bluish sheen which characterizes the 
hyperplastic skin and tumor cells stands in contrast to the white ash of the healthy 
skin cells and stroma. An increase of ash is found consistently only in the hyper- 
trophied stroma and malignant cells, and, allowing for variations in the ash content 
of individual areas of the entire sections, which at present are of unknown 
significance and may be purely technical, the tar tumor cell does not appear to 
contain more inorganic material than the healthy skin cell of equal size. This 
result stands in contrast to those recorded for other types of cancer, which 
indicate an increase of ash in the malignant components. The central keratinization 
of cell nests in the tumor may be followed in detail after incineration. An increase 
of white ash in the cells immediately involved leads to an obliteration of cellular 
individuality, and the distinctly yellow ash of the keratin may be traced among 
the flat white ash of the disintegrating necrotic tumor cells. From a chemical 
point of view no reliable interpretation can be made of the bluish sheen common 
to the ash of the present tar tumors and various tumors described by other authors. 
The heavy flat white ash which is typical of the necrotic tumor cells undergoing 
keratinization probably owes its appearance to an increase of calcium oxide. 


From THE SUMMARY. 
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LOS ANGELES PATHOLOGICAL SOCIETY 
Regular Meeting, Jan. 8, 1935 
C. M. Hytanp, President, in the Chair 
A. G. Foorp, 


DIAGNOSIS OF SYPHILIS BY STAINING SPIROCHETES IN TISSUE. NEWTON EVaANs. 


Of the two chief laboratory procedures for the diagnosis of syphilis, that of 
the detection of the specific organism has remained comparatively unused and 
undeveloped in contrast to the more readily available and, to the physician, less 
troublesome one of serologic examination. In the early diagnosis of an initial lesion 
detection of the specific organism is important, for it is an accepted fact that 
by detecting the spirochete such a sore may be recognized a number of days before 
the Wassermann reaction of the patient’s blood becomes positive. Incidentally, the 
Wassermann reaction becomes positive four days earlier, on an average, than 
the Kahn reaction (Chambers, S. O.: California & West. Med. 37:153, 1932). The 
failure to begin treatment in the period between the time of possible detection of 
the organism and the first positive Wassermann reaction causes the patient to lose 
from 25 to 50 per cent of his chances for a complete and lasting cure. 

This report presents the possibilities of the biopsy as a method of such diagnosis 
in comparison with the usual dark-field examination. In the Los Angeles County 
Hospital, for the past three and one-half years, a modification of Dieterle’s method 
of staining tissue described by Krajian (Am. J. Syph. & Neurol. 17:127, 1933) 
has been used for this purpose. A consecutive series of 153 cases of syphilitic 
chancre, all proved clinically and serologically, were examined by dark field, and 
concurrently biopsy was made of sections stained by the aforementioned method. 
The dark-field observations were positive in 77, or 50 ner cent of the cases, while 
the tissue sections showed Spirochaeta pallida in 128, or 83 per cent. These 
examinations were made in a well organized clinic by the same group of physicians 
throughout the period. Stokes (Modern Clinical Syphilology: Diagnosis and 
Treatment, Case Studies, ed. 2, Philadelphia, W. B. Saunders Company, 1934) has 
stated: “We were able to identify 82 per cent of primary sores as syphilitic by 
darkfields up to the fifth week”; he has also stated that the Cooperative Clinical 
Group, in the examination of a large amount of material, found the results of 
dark-field examination positive in 72.6 per cent of cases of seropositive primary 
syphilis. 

It is evident to the staff of the Los Angeles County Hospital that under the 
existing conditions biopsy of sections stained by Krajian’s method is more reliable 
and more satisfactory than dark-field examination. A possible disadvantage is the 
necessity of securing a fragment of tissue for biopsy. Practically, this has proved 
to be entirely feasible. The time consumed in the entire process of fixing, cutting 
and staining the sections by the method employed is about one and one-half hours. 

In institutions where capable technicians are employed and suitable laboratory 
equipment is available, I believe that this method will prove as dependable, not 
only for the diagnosis of primary syphilitic sores, but for the recognition of many 
secondary and some tertiary lesions, as it has in our experience. 


Forpyce’s DisEASE OF THE LABIA MINORA WITH A SECONDARY LeEsION. JOHN J. 
MONTANUS. 


In the case of an unmarried 37 year old woman, both labia minora were excised 
because of the periodic recurrence of a series of small painful abscesses, the appear- 
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ance of which was preceded by the formation of shot-sized nodules resembling 
sebaceous cysts. 

Except for the presence on the outer surfaces of several small scars, the labia 
after fixation showed nothing of note externally. Gross section, however, revealed 
the presence of numerous coalescent yellowish nodules extending downward from 
the external and internal surfaces of both labia minora to a depth of from 1 to 
2 mm. These grossly resembled caseous foci which had become confluent. The 
lower borders were wavy and crenate but were sharply demarcated from the under- 
lying tissue. 

Microscopic examination revealed the numerous large sebaceous gland aggre- 
gates typical of Fordyce’s disease. Serial studies were not made, but the abundant 
material permitted examination of a large number of sections, many of which 
included ducts which passed from the glands through the epidermis to the surface. 
Occasionally, small cystlike spaces filled with an amorphous débris were seen, and 
here and there an occluded duct was noted. A mild, subacute inflammatory reaction 
was present throughout the tissue. 

This picture is in agreement with the findings of Margolies and Weidman 
(Arch. Dermat. & Syph. 3:723, 1921) and Chambers (ibid. 18:666, 1928), who 
are of the opinion that the condition probably represents a late maturation of fetally 
invaginated aberrant sebaceous gland buds, and is in discord with the view of 
McCarthy (Histopathology of Skin Diseases, St. Louis, C. V. Mosby Company, 
1931) that the lesion is of the nature of a sebaceous gland nevus and that no 
ducts are demonstrable. 

The case is of interest because the usually benign condition has given rise to a 
secondary lesion of surgical significance, that is, the occlusion of the ducts and 
retention cyst formation, which, with infection, has led to suppuration. 


ARRHENOBLASTOMA OF THE Ovary. L. J. TRAGERMAN. 


A Negro housewife, aged 24, entered the hospital Aug. 22, 1934, because of 
amenorrhea, enlarging abdomen and pain in the lower part of the left side of the 
abdomen of five months’ duration, which was accentuated shortly before admission. 
She had had an uneventful childhood and apparently normal development until 
seven years prior to this, when she noted an increased growth of hair on the face. 
This, for the past two or three years, had required shaving every other day. 
Physical findings included partial alopecia, a heavy stubble of hair on the lower 
part of the face, a cystic abdominal mass which was ballotable in the left adnexa 
uteri and an enlarged clitoris (2.5 cm. in length). Laparotomy was performed, 
September 5, and a large mass in the lower part of the abdomen, which appeared 
to arise in the region of the left ovary, was removed. 

Grossly, the specimen consisted of a large multilocular cystic mass weighing 
2,100 Gm. and measuring 27 by 21 by 11 cm. in maximum diameters. The loculi 
were smooth-lined and filled with clear or hemorrhagic fluid. In none was there 
hair or other structure to suggest a teratomatous origin. The intervening tissue 
was soft and diffusely yellow-gray. In one area there was an oval, clearly 
demarcated mass of bony tissue 5 cm. in diameter. 

Microscopically, no normal ovarian tissue was seen. The tumor appeared to 
be fibrosarcomatous and of a very low grade of malignancy. The tumor cells were 
of large round cell type, sometimes flattened or polyhedral. Mitoses were infre- 
quent. The arrangement of the cells was mostly in solid rows, often in interlacing 
strands, and occasionally was tubular. The cyst walls were keratohyaline mem- 
branes, apparently derived from compressed tumor tissue. The nodule of bone 
appeared to have been formed by direct metaplasia from connective tissue stroma. 
Otherwise, the stroma was loosely fibrous and vascular. There were no adult 
seminiferous tubules and no cells clearly recognizable as Leydig’s interstitial cells. 

In the three months following the removal of the tumor there occurred severe 
vaginal bleeding and a diminution in the growth of hair on the face. The vaginal 
bleeding was most intense at the times of expected menstrual bleeding and in 
the third month was so severe that a second laparotomy was performed, Jan. 24, 
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1935. It was noted that the uterus had diminished in size by one half since the 
previous operation and that the remaining ovary had doubled in size, appearing 
normal externally. There was no evidence of tumor recurrence. Hysterectomy 
was done. The uterus contained a small intramural fibromyoma and showed 
chronic endometrial hyperplasia. 

The clinical evidence of the existence of a masculinizing disease process, the 
alteration of this process toward one of femininization following the removal of 
an ovarian tumor and the histologic characteristics of the tumor appear to warrant 
the pathologic diagnosis of arrhenoblastoma of the ovary, sarcomatous (R. Meyer) 
group. 

This case is to be reported in full by Dr. L. G. Baldwin in California and 
Western Medicine. 


CHICAGO PATHOLOGICAL SOCIETY 
Regular Monthly Meeting, Feb. 11, 1935 
I. Prot, M.D., President, in the Chair 


Epwin F. Hirscu, Secretary 


Stupy oF BACTERIA FROM THE ISOLATED COLON IN THREE CASES OF ULCERATIVE 
Cotitis By MEANS or CuLTURES AND Monkey Inocutations. G. M. Dack, 
Tueopore E. Heinz and Lester R. Dracstept. 


A bacteriologic study was made of the contents of the isolated colons of three 
patients with ulcerative colitis, on each of whom an ileostomy had been performed. 
In an attempt to evaluate the significance of certain organisms isolated from these 
patients, some experiments were carried out with rhesus monkeys, rabbits and 
guinea-pigs. 

The isolated colons of these patients did not heal following operation, although 
the clinical condition of the patients improved. At variable times following the 
operations, the bacterial flora of the isolated colons became predominantly anaerobic. 
Two types of bacteria growing on anaerobic blood agar plates were common to 
the three patients, and organisms of these types greatly outnumbered all others. 
They were (1) the predominant type, to be described later, and (2) a type producing 
a strictly anaerobic, nonhemolytic, pinpoint-sized colony, which proved to be that 
of a gram-negative streptococcus. This strain was not pathogenic for guinea-pigs 
when injected subcutaneously. 

The colonies of the predominant organism were round, gray and raised, measur- 
ing, when well isolated, from 0.5 to 1 mm. in diameter. When the plates were 
removed from the desiccators they had a putrid odor resembling somewhat that 
of butyric acid. There was no zone of hemolysis about any of these colonies when 
first removed from the anaerobic environment, but as oxygen was taken up by the 
hemoglobin in the blood a greenish zone of hemolysis appeared around them. 

When picked from the plates, the colonies had a tendency to stick together. 
In smears they appeared as gram-negative rods and filaments. Many of the cells 
stained faintly and appeared as “ghost” forms. Often a long filament stained 
irregularly, and bulges appeared in portions of it. When single colonies were 
picked for subculture they frequently did not grow, although after a strain was 
started it could be readily maintained on anaerobic blood agar slants by trans- 
ferring a large amount of growth. Good growth occurred in dextrose cystine agar. 

This organism was pathogenic for rabbits and, following subcutaneous injec- 
tions of large amounts of culture, produced local abscesses which tended to heal 
after a long time. 

An organism similar to, if not identical with, this predominating anaerobe was 
isolated from lesions in the large bowels of monkeys. Probably this organism 
was present in the normal intestinal tract, since it developed in necrotic membranes 
formed over areas of the rectum which were denuded of mucosa. Attempts to 
isolate it were often unsuccessful in the presence of large numbers of fecal bacteria. 
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It was not found in the healthy isolated colons of two monkeys or in monkeys with 
normal colons. Two monkeys fed a culture of this type of organism did not show 
any symptoms, and in only one was the organism demonstrated two days after 
feeding. 

nO antibodies have been demonstrated in the serums of four 
patients with ulcerative colitis by using antigens prepared from strains of the 
predominating anaerobic organism cultured from the isolated colons of two patients. 
Very slight fixation of complement occurred with an antigen of monkey origin. 
The serum of one young adult without a history of intestinal lesions was very 
slightly positive, whereas the serums of four other healthy young adults were 
negative. The serum taken from one of the patients with an ileostomy was negative. 
The bowel in this patient had improved greatly following the operation and at 
the time the blood specimens were collected. There was extensive disease of the 
bowel in the four cases in which the results were positive. 

Agglutination studies have been made with one strain of the organism which 
varied from the others in morphology. The agglutination test with this antigen 
is being studied more intensively. 

DISCUSSION 

E. F. Hirscu: What are the cultural differences between this organism and 
the one Dr. Bargen has associated with chronic ulcerative colitis? 

G. M. Dacx: This organism is entirely different in many ways from the one 
described by Dr. Bargen. The complete report will be published in the Archives 
of Surgery. 


OSTEOMA IN THE FRONTAL SINUS. PERCIVAL BAILEY. 


Although well known since the days of Cruveilhier and Virchow, osteoma 
arising in the region of the ethmoidal cells is a rarity. This is my only excuse 
for presenting a specimen to the society. It was removed from the frontal sinus 
of a 17 year old girl who complained of a painless swelling above the right eye. 


The swelling was first noticed about three and a half years previously and had 
increased slowly. The growth encroached on the right orbit so that the right 
eye was displaced downward and slightly lateralward. The patient was otherwise 
robust and had always been healthy. 

The swelling over the right eye was slight. The elevation was only about 
3 mm. above the level of the opposite supra-orbital region. Above it was a small 
scar where the forehead had been injured when the patient, then 4 years old, 
fell on the ice. The nose disclosed nothing abnormal; there was no discharge. 
There was very slight exophthalmos of the right eye. The upper portion of the 
inner wall of the right orbit seemed to bulge slightly. There was slight edema 
of the right upper eyelid. The right palpebral fissure was slightly narrower 
than the left. Otherwise the results of examination were entirely normal. The 
roentgenogram demonstrated a dense shadow within the right frontal sinus, extend- 
ing into the right orbit and also into the right nasal cavity. 

A diagnosis of osteoma of the right frontal sinus was made, and a right frontal 
osteoplastic craniotomy was done, the frontal lobe of the brain covered with dura 
was retracted, the posterior wall of the right frontal sinus was removed and the 
osteoma was lifted from its bed. Part of the inner wall of the orbit and of the 
ethmoidal plate came with it. The mucous membrane of both frontal sinuses was 
removed, the left one having been opened in removing the growth, and the wound 
was closed. It healed perfectly. The patient was discharged in a week and was 
perfectly well when last seen a month later. A roentgenogram taken after the 
operation showed that the tumor had been completely removed. Since the incision 
had been made within the line of the hair, above the forehead, and the anterior 
wall of the frontal sinus left intact, no trace of the operation is now visible. 

The tumor removed was irregularly nodulan, with a smooth surface, and as 
hard as an ivory billiard ball. Fragments of mucous membrane were attached 
to one part of the tumor but were easily removed. The growth was decalcified 
and sectioned. Microscopically it was composed of thick trabeculae of very dense 
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bone separated by fibrous tissue. No hematopoietic marrow was found. Evidence 
of formation and destruction of bone was found in different parts of the growth. 
The tumor was judged to be a fibrous osteoma. 

It is probable that osteomas of this type arise from small primordia such as 
give rise to the wormian bones. They seem to arise primarily in the region of 
the ethmoidal cells, where there are numerous suture lines coming together in a 
complicated fashion. Of course, when such a tumor reaches the size of the present 
one it is impossible to determine the exact site of origin. In its growth the osteoma 
bulges into the orbit, inte the nasal cavity or even into the intracranial cavity, at 
first pushing a thin plate of bone before it, which it may later erode. 

Osteomas thus located have been removed through the orbit by the ophthal- 
mologist, through the nose by the rhinologist and through the intracranial cavity 
by the neurosurgeon. The method which I have employed has the advantage of 
leaving no visible scar, and since the approach is extradural there is little danger 
of complications. 


DISCUSSION 
I. Puor: A growth that I examined contained considerable osteoid tissue. 


PROLIFERATIVE ENDOPHLEBITIS. PAut M. Levin and Paut C. Bucy. 


Phlebosclerosis or, as we prefer to term it, proliferative endophlebitis is a con- 
dition that has attracted little attention in clinical medicine. Many believe that the 
disease is fairly common. All agree that it does not produce clinical symptoms. 
This report refers to a patient of 24 years who, when pregnant two years before, 
noted mottling of both legs. Soon after delivery there were tenderness of the 
superficial veins of the legs and dull pain in both calves. There was also a transient 
tenderness of the veins of the arms. Edema was never present, nor was there 
any evidence of thrombophlebitis or of varicosities. The discomfort was present 
on standing quietly and was relieved either by lying down or by exercise or 
massage. There has been no intermittent claudication or vascular spasm. On 
examination, the superficial veins of the lower extremities were firm and tender. 
Cyanosis of the feet was present when the patient stood. 

Biopsy was made of a subcutaneous vein in front of the right tibia. The wall 
was thick and white, and the lumen remained open. Microscopic examination 
showed marked thickening of the wall. This was due largely to an increase in 
the amount of collagen, particularly in the intima. The endothelium appeared 
intact. The intimal thickening varied in different places, giving a nodular appear- 
ance. The elastic tissue of the intima showed some splitting, and a dense network 
of reticulin was laid down. 

This case is reported because it differs from cases of proliferative endophlebitis 
recorded in the literature in that the patient had definite clinical symptoms of 
chronic partial venous obstruction. 


EostnopHiILic LEUKEMIA WITH SPLENOMEGALY. P. A. DELANEY. 


A leukemia linked with but a single type of granular leukocyte and its selective 
anlage is comparatively rare. The case presented raises significant questions rela- 
tive to possible etiology, development and differential diagnosis or definite identity : 
1. Could a bullet injury to a lumbar vertebra almost a year prior to diagnosis 
have been an etiologic factor? 2. Is the condition true myelogenous leukemia, 
chloroma, chloromyelogenous reaction or other unusual eosinophilia? 

A white man, aged 42, had been a milk wagon driver for twelve years. He 
had perfect health until July 1932, when he sought a physician’s advice because 
of a continuous hacking cough and mucus in the throat. The lungs were normal 
except for a few small rales and an elevated pitch of a respiratory murmur in the 
apex of the right lung. Treatment gave only fair results. May 5, 1933, he was 
shot in the lumbar region of the back. Between July 1933 and January 1934 his 
cough was but partially improved, but he was active. Jan. 3, 1934, when the 
first examination of the blood was made, no eosinophilia was noted although the 
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leukocyte count was 33,200, but probably it was present and overlooked. A 
roentgen film showed increased density of the right lower lobe with possible 
bronchiectasis. April 17, he was feeling better, but he had noticed that his belt 
was getting tight and that he had lost 14 pounds (6.4 Kg.) in weight. The spleen 
was about eight times normal size and only slightly movable and moderately tender. 
There was a foreign body in the soft tissues just posterior to the fourth lumbar 
vertebra. The leukocyte count then was 53,400, and 89 per cent were eosinophils, 
including mature forms, metamyelocytes and myelocytes. Under roentgen therapy 
the spleen decreased markedly in size, and December 12, when he received the last 
roentgen treatment, his leukocyte count was 13,400, and 68 per cent were eosinophils. 
Feb. 9, 1935, an examination of the blood revealed 22,250 leukocytes per cubic 
millimeter, 74 per cent of which were eosinophils. The eosinophils have remained 
persistently high, although the leukocyte count has greatly decreased. The nuclei 
are largely polymorphonuclear, while the cytoplasm varies in the size and number 
of granules as well as in staining intensity ; in other words, the nuclei appear much 
more mature than the cytoplasm. 

No definite information is available as to whether the bullet now in the soft 
tissues about the fourth lumbar vertebra primarily injured the vertebral body and 
disturbed its marrow. Chloroma is not definitely ruled out, but the absence of an 
intense anemia and of bone changes, especially of the skull, contraindicate rather 
than support it as a possibility. Although the patient has had a hacking cough and 
possibly bronchiectasis, he has never had symptoms of acute or chronic asthma, 
nor does he have symptoms of parasitic infestation. This eosinophilic blood with 
splenomegaly, therefore, in the final analysis, supports best a diagnosis of specific 
leukemia. 


LeuKEMow BLoop witH INpuceD Aportion. P. A. DELANEY. 


A white woman, aged 23, single, entered the hospital Jan. 10, 1934 because 
of marked bleeding following incomplete induced abortion and because of marked 
secondary anemia. She had been well until Dec. 29, 1933, when uterine hemorrhage 
began, became more profuse the same day, and continued until Jan. 4, 1934. The 
next day marked hemorrhage began again and continued until the tenth, when a 
physician was called. She said that her last menstrual period had been in 
October 1933, and that late in December she had taken twelve abortifacient pills. 

She was exsanguinated and ashy gray, with a rapid weak pulse, dizzy, weak, 
cold and thirsty. Murmurs were heard over the mitral and tricuspid areas. The 
liver was firm and tender, and reached the level of the umbilicus. The temperature 
was 99 F.; the pulse rate, 120, and the respiratory rate 24. A large blood clot 
extruded through the external os. This included 6 Gm. of placenta made up of 
decidua and chorion with moderate localized retrogressive changes but no inflam- 
matory reaction. The Wassermann and Kahn tests were negative. The blood 
revealed marked secondary anemia and a leukocytosis of 90,050. Ninety-one per 
cent of the leukocytes were neutrophils, among which were many young forms, 
neutrophilic metamyelocytes and myelocytes—a rare form of leukemia involving 
but a single type of granular leukocyte, the neutrophil, or what has been named 
“leukemoid reaction.” 

The next day a blood transfusion was done, and January 13 the leukocyte count 
had dropped to 56,200 and the erythrocyte count was 2,200,000. During the follow- 
ing week there was a rapid fall in the numbers of leukocytes, and January 22 
the count was 15,240, while the anemia was still persistent and marked. February 
10 the erythrocyte count was 2,760,000 and the leukocyte count 12,500. During 
the summer she felt sufficiently recuperated to resume work. 

A survey of the literature reveals but few reports of cases of blood dyscrasia 
such as this. In 1926 Krumbhaar published an article on cases of leukemoid 
reaction among which was included a case similar to this, coincident with an 
incomplete abortion in a young woman; the erythrocyte count was 1,000,000, and 
there was a leukocytosis of 106,000, in which 27 per cent were myelocytes and 
myeloblasts. She had been bleeding for a week and died shortly after a trans- 
fusion of compatible blood. Later publications report single cases of leukemoid 
reaction associated with sepsis, syphilis and tuberculosis. 
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CoMPARISON OF AcIp-INDICATOR AND QUANTITATIVE METHODS IN THE StTupy or 
BACTERIAL FERMENTATIONS. A. G. WepumM and A. W. WALKER. 


The utilization of a carbohydrate is a more fundamental characteristic of a 
micro-organism than the rapidity with which it is utilized. Many soil bacteria, 
many acid-fast pathogens and nonpathogens, and recently isolated atypical intestinal 
pathogens may utilize carbohydrates slowly with the formation of either no acid 
or of very small amounts of acid. In such cases, if the classification of the bacteria 
is sought, the determination of the carbohydrate reactions by means of the color 
changes of an indicator in the sugar mediums is untrustworthy. Quantitative 
analysis of a medium with an atypical negative reaction will sometimes reveal 
utilization of the carbohydrate without the formation of evident acid, and so permit 
a classification of the organism as a standard species. 


HistoLtocic Stupy ON THE SPLEEN IN CASEs OF LEUKEMIA. R. H. Jarré. 


This article was published in full in the May 1935 issue of the Arcnives, 
page 647. 
DISCUSSION 


Paut Cannon: Are there any other conditions in which fibrocytes revert 
to histiocytes ? 

Sot RoseNtHAL: Are the lymph nodules in the spleen replaced in a way similar 
to the manner of the replacement of the trabeculae or are they invaded from the 
periphery ? 

R. H. Jarré: The splenic follicles are not transformed into leukemic tissues, 
but are replaced gradually from the periphery. There is no difference between 
the acute and the chronic forms of leukemia except in the rapidity of development. 
Fundamentally they are the same. 


Squamous CELL CarcINOMA, LEUKOPLAKIA AND CONCRETIONS IN A MEGALO- 
Ureter. F. M. Cocuems and T. P. GrAver. 


The paper concerns an unusual combination of pathologic conditions in a ureter, 
as indicated by the title. A carcinoma arising in a leukoplakia of the lining 
favors the belief that the malignant tissues developed because of a local chronic 
irritation. The conditions observed were in agreement with the views of others 
that leukoplakia precedes many a squamous cell carcinoma of the ureter. The 
right kidney and ureter were excised surgically from a woman aged 51. There 
was marked pyonephrosis of the kidney. The part of the ureter continuous with 
the dilated renal pelvis had an inside diameter of 2.5 cm. Beginning at a level 
3 cm. below the renal pelvis was an annular thickening of the wall 3.5 cm. long, 
and directly below this was a nodule of gray tissue, 1.7 by 1.5 cm., protruding 
into the lumen for a distance of 1 cm. Below this the inside circumference of the 
ureter narrowed to 1.5 cm., and the remaining 17 cm. widened gradually so that 
at the lower end the inside circumference was 6 cm. The distal 6 or 7 cm. had 
a rough gray leukoplakic surface, and just above the level of amputation the wall 
was sacculated into a recess from 3 to 4 cm. in diameter in which were 23 brown 
granular concretions: 2, oval, 3.3 by 3 by 1.8 cm.; the others, flat and faceted, from 
1 to 1.8 cm. in diameter. The stones were calcium oxalate and calcium carbonate. 
The stricture of the ureter contained squamous cell carcinoma. Four months after 
the nephro-ureterectomy, a fungoid growth in the right half of the urinary bladder 
was resected, and a few days later the patient died. The surgically excised tissues 
had a bizarre spindle cell structure and some large masses of squamous epithelium. 
The postmortem examination demonstrated a recurrent mass of squamous cell 
carcinoma in the right renal fossa and metastases in the lymph nodes of the pelvis. 

The complete report will be published in the American Journal of Urology. 
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DISCUSSION 


R. H. Jarr£: Among the 900 carcinomas at the Cook County Hospital, there 
are only 2 carcinomas of the ureter, both made up of transitional cells. They 
were not associated with leukoplakia or concretions. 


REFLECTION OF METEOROLOGICAL INFLUENCES IN SERUM REACTIONS (WASSERMANN, 
KAHN AND OTHERS). WuttIAmM F. Petersen, E. T. Hoverson and A. J. 
GOLDSTEIN. 


When the geographic distribution of American deaths from tabes and dementia 
paralytica is examined, a distinct track can be ascertained, which is related to the 
cyclonic tracks. In view of this environmental influence on the clinical course 
of syphilitic infection, and since all serologic reactions (enzymatic, chemical, 
hormonal and others) are constantly changing from day to day as the organism is 
affected by the atmospheric environment, we sought to determine if similar influ- 
ences modify the Wassermann and Kahn reactions. 

In day by day examinations it has been found that the titers of the Wassermann 
and Kahn positive reactions in the serums of patients with dementia paralytica 
undergo a definite cycle, these serums being more positive with, or immediately in 
the wake of, a polar infall. In the course of the examinations the Wassermann 
reaction was found to vary from negative to four plus and the titer of the quantita- 
tive Kahn test from 4 to 80 units. In general, the changes occurred with the 
typical ARS phase (blood pressure increase) (Arcu. Patu. 18:575, 1934). 

The results make evident the reason why conflicting results have frequently 
been reported with these serologic tests. The significance of such changes in the 
normal course of syphilitic infection and in the mechanism of recovery was 
discussed. 

DISCUSSION 


E. PrisraAM: This is an important study. A normal person can adapt himself 
readily to environment; a diseased person cannot. The serologic reactions are 
colloidal phenomena. The lipoid particles (hydrophobic) are suspended in a 
protein medium (hydrophilic), and mass attraction tends to make them unite. 
Nothing occurs when antigen is added to normal serum, but when it is added to 
syphilitic serum the particles flocculate. All substances causing flocculation will 
cause complement fixation. In syphilitic serum the particles are larger than in 
serum from a patient with another condition; they differ also in motility, and 
sometimes they flocculate without the addition of any substance. The same con- 
ditions are present in the serum of a patient with rheumatism or with migraine. 
In such serum one should note the same variations as in syphilitic serum. The 
particles in the serum of a tuberculous patient are smaller and in greater dispersion. 

I. Davipsonn: Did you notice the same variation in complement-fixation 
tests as in precipitation tests? Was there any meteorological effect on the com- 
plement or on the anticomplementary properties of serums? 

H. C. Sweany: Have you taken into regard factors other than meteorological ; 
for example, diet? 

WituiaM F. Petersen: Our work has been mainly with the Kahn and very 
little with the Wassermann reaction. Meteorological conditions are only one of 
a large series of factors. 
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A Textbook of Bacteriology with a Section on Pathogenic Protozoa. The 
Application of Bacteriology and Immunology to the Etiology, Diag- 
nosis, Specific Therapy and Prevention of Infectious Diseases for 
Students and Practitioners of Medicine and Public Health. By Hans 
Zinsser, M.D., Professor of Bacteriology and Immunology, Harvard University 
Medical School; Consulting Bacteriologist to the Peter Bent Brigham Hospital 
and the Children’s Hospital, Boston; and Stanhope Bayne-Jones, M.D., Pro- 
fessor of Bacteriology, Yale University School of Medicine, Master of Trum- 
bull College, Yale University. Seventh edition, rewritten, revised and reset. 
Price, $8. Pp. 1226, with 174 illustrations. New York: D. Appleton-Century 
Company, Inc., 1934. 


When a textbook of bacteriology omits old-edition pictures revealing “degenera- 
tion forms” of Bacillus diphtheriae and Bacillus pestis and replaces them with 
figures showing “smooth colonies”; “rough colonies”; “transformation from rough 
to smooth,” and Eisenberg’s popular colonies of the cholera vibrio containing 
“secondaries,” it offers presumptive evidence of having entered at last into the 
spirit of modern bacteriology, and one seeks with interest for further proof. That 
one of these traditional figures appears on a later page, with its inscription changed 
to “Involution Forms of B. Pestis,” may be regarded merely as a courteous gesture 
to the departing monomorphic régime. But that these and other even more striking 
changes have appeared in the recent seventh edition of a well established textbook 
is food for thought ; and that is the excuse, if one be needed, for the present review. 

Probably at no other period in the history of bacteriology has there occurred 
a more significant departure from previously accepted views regarding the nature 
and organization of bacteria or a more important shifting of bacteriologic thought 
into new channels than during the past decade, or, to bound the period more 
exactly, since 1921, marked by the illuminating work of Arkwright in England and 
that of Lohnis and of de Kruif in this country. This period has been rendered 
epochal by the final collapse of the ancient monomorphic conception of Conn and 
Koch and after labor pains enduring for half a century, punctuated by the important 
contributions of Almquist, Hort, Léhnis and Mellon, has at last given legitimate 
birth to the saner and now well substantiated views of bacterial pleomorphism, 
now generally accepted, although not satisfactorily explained. 


The newer developments that have accompanied this transition have already 
made their impression on nearly every field of bacteriologic thought and practice. 
They have entirely modified older views regarding the significance of cell and 
colony variability. They have afforded a clearer understanding of many of the 
older, assumed eccentricities of biochemical reactions of bacteria. They have, in 
matters appertaining to serologic phenomena, explained many a long-standing dis- 
crepancy, and have given a clearer view of the nature of the factors underlying 
observed differences in the antigenic structure of cells and cultures. They have, 
moreover, indicated the probable reason for failures in certain immunization pro- 
cedures. And, finally, they have presented a new and more logical view regarding 
the nature and limits of “bacterial species” and have emphasized the necessity of 
giving adequate consideration to the complete range of phase variation, rather than 
of focusing attention on an assumedly stable type—the joy and theoretical stock 
in trade of overambitious systematists. 

These eventualities, well reflected in the changing trend of bactericlogic research 
over the past decade or longer, have resulted in presenting to bacteriologists the 
picture of a world of bacteria far more complex in its details and much more 
significant in its presumptive ramifications than ever might have been imagined 
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in the simple and youthful days of bacteriology. These changes have rendered the 
adequate recognition and characterization of bacterial species more difficult and 
uncertain than ever before; and they have brought a corresponding discomfort into 
the camp of the well-meaning systematists. They have caused no little embarrass- 
ment to those who would teach the facts, rather than the fancies, of bacteriology. 
And, finally, they have placed obstacles in the path of those who have cause to 
write textbooks of bacteriology. Here one reaches the chief subject of these 
considerations. 

With a few notable exceptions, textbooks in bacteriology, especially American 
textbooks, have been a drab lot. They have in some instances, perhaps, contributed 
more to the well-being of publishers than to the inspiration of students of bac- 
teriology. They have, moreover, been written chiefly by authors consciously or 
unconsciously under the spell of monomorphism. The form and content and also 
much of the illustrative material have become as traditional as religious convictions ; 
and there has often been little reason to choose one book in preference to another. 

The first authors to introduce fragments of the newer knowledge of the bacteria 
into textbook literature were Jordan in this country and Topley and Wilson in 
England. This innovation was refreshing to many bacteriologists. But at the 
date of issue certain facts now recognized had only begun to crystallize out of the 
monomorphic lava; and there still lingered some of the old hesitation in coming 
to grips with the problem of variability. The relatively homeopathic doses of 
“radical bacteriology” to be found in these excellent books were, however, well 
tolerated by bacteriologists in general, and their reaction served to indicate that 
the bacteriologic world was rapidly being made safe for variation. 

While clear indications of the newer trends of bacteriology were first happily 
introduced into textbooks by the authors just named, it has remained for the book 
now under consideration to make free, if not full, use of the rapidly increasing 
literature of recent years dealing with evidences of bacterial pleomorphism and 
its vast significance not only for bacteriology itself but also for certain medical 
practices. This book marks an epoch in bacteriologic literature because it reflects 
for the first time clearly, consistently and without apology the opening years of 
a new epoch in the history of bacteriology. 

The present edition is seven times removed from its original ancestor, the old 
“Hiss and Zinsser” familiar to students the country over. The latest member, 
however, still reveals many of the hereditary traits: the easy and logical arrange- 
ment of subjects and the balanced coverage of matters of import to students and 
practitioners of medicine. But it has grown in stature with the passing years and, 
long after having come of age, has experienced a spiritual rebirth carrying highly 
significant implications to both bacteriology and _ bacteriologists. 

Since the majority of those who read reviews demand that the subject be 
taken apart before their eyes and its anatomic structures (and often pathologic 
features) revealed, the book by Zinsser and Bayne-Jones may accordingly be dis- 
sected in order to ascertain to what extent its channels of thought are free from 
the literary arteriosclerosis that characterizes so many volumes of a similar nature 
by the time they get on in years. 

By actual count the book comprises 1,226 pages and fewer fly-leaves than it 
should possess. The paper is thin and of fair quality, the binding attractive and 
flexible, and the book “handles” easily. The lines are well spaced; the type is 
clear, and sufficient use is made of “bold face” to keep the reader oriented. The 
running titles are lucid and concise, the left carrying the subject of the section 
and the right, the subject of the chapter. There are 174 illustrations (a reduction 
from the foregoing edition), and neither the diagram of hemolysis nor the bacillus 
of Koch is in color. But the symbolic diagrams of Ehrlich’s “haptophores” ; 
“toxophores” ; “receptors,” and “amboceptors” are still present to guide the student 
through the old order of serologic mysticism. One traditional feature will be 
appreciated by many, namely, the appearance of the earliest preface (“P.H.H., Jr. 
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and H.Z.”) beside the most recent. But some curious student might wish to know 
the date of the former. Besides, even textbooks may sometimes have reason to be 
proud of their lineage. 

Examination of the anatomic structure of the book reveals nine sections and 
seventy-six chapters, all but one of which are readable and to the point. Among 
the sections there occurs a desirable change from earlier editions in that the 
material on diagnostic and technical methods has been brought together in sec- 
tion IX at the end of the book. In view of the fact that the older section dealing 
with the bacteriology of air, water and milk is entirely absent in the present 
edition, there are probably some public health bacteriologists and many teachers 
who would like to see, in the technical section at least, a brief outline of accepted 
methods in the bacteriology of milk and water. 

The current edition is further marked by the inclusion of two new sections: 
section V, dealing with the spirochetes, has been raised from the rank of a 
chapter and divided into four chapters. Moreover, the discussion of the “Rickettsia 
Diseases” has been given the rank of a section and divided into two chapters, thus 
leaving the virus diseases, the exanthems and diseases of unknown etiology in 
their former orientation. All these changes are beneficial for clarity and the 
necessary extension of the subject matter following recent advances in knowledge. 
Indeed, the book as a whole, with the exception of chapter XX, reveals no faults 
detectable in the realm of gross pathology, so that one may now examine the finer 
details. 

In recent times enthusiasm for the creation of new genera of bacteria has 
caused bacteriologists some inconvenience and teachers occasional embarrassment. 
It is therefore pleasant to discover in the present text a happy compromise in the 
employment of the old and the new generic terms. The new name of the genus 
is commonly presented in the subheadings of the chapters, and elsewhere the 
organism receives the name long familiar to bacteriologists. Thus, while not 
oblivious to “Eberthella”; “Corynebacterium”; “Mycobacterium”; “Pfeifferella,” 
and “Hemophilus,” the authors have entitled certain chapters “Bacillus of Typhoid 
Fever”; “Bacillus of Diphtheria,” and “The Tubercle Bacillus’—a procedure quite 
satisfactory and sufficiently precise. 

If one were asked to state the most striking difference between this book and 
its earlier editions, the answer would be that the latest edition incorporates a free 
and intelligible discussion of the problem of bacterial variability and makes clear 
the considerable importance of variation phenomena for a thorough understanding 
and interpretation of the biochemical and serologic reactions ascribed to bacterial 
activity; it also emphasizes the importance of variation in problems of infection 
and immunity. The presentation of this material is accomplished in two ways: 
There is an entire chapter (X) devoted to the subject of variability ; and, in addi- 
tion, in many subsequent chapters devoted to specific micro-organisms there appears 
at least a paragraph headed “Variability,” presenting in concise form much that 
is now known regarding variation phenomena in the species concerned. 

In this connection it is unfortunate that the important work of Dawson, revising 
the picture of the chief variants of the pneumococcus—mucoid, smooth and rough 
—appeared too late to be made use of by the authors. For this reason the treat- 
ment of the smooth and rough phases of the pneumococcus follows the old sym- 
bolism, although it is now clear that, as Dawson has shown, the old “smooth” 
must now become the mucoid, and the old “rough” must become the smooth. The 
actual rough phase pneumococcus naturally could not receive mention in the text. 
The revision and correction of this situation will be looked forward to in the next 
edition; for by then the change in terminology proposed by Dawson will unques- 
tionably have received universal acceptance. 

The special chapter on variability is conservatively written, but introduces the 
majority of recently substantiated conceptions relating to the new biology of the 
bacteria. Bacterial pleomorphism has become an accepted fact, and the existence 
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of filtrable forms of bacteria is recognized, but the existence of life cycles receives 
scant support. Refreshing and pertinent extracts from this chapter are the follow- 
ing: “It is certain that strict monomorphism is no longer tenable. . . . These 
variations should now become a part of the descriptions of the organisms [p. 143). 

With the exception of the endospore cycle there is no convincing evidence 
proving the existence of hypothetical life cycles. . . . It seems best to reserve 
the term, mutation, until instances are known to which it may be fully applied 
[p. 146]. . . . Evidence has been accumulating that an internal factor of varia- 
bility may result in the production of viable fragments of bacterial cells. These 
particles may be the so-called gonidia [p. 147]. . . . bacteriology has been 
rejuvenated through these investigations of variability in the ‘changing bacteria,’ as 
Winslow has expressed it. The scientific scope of bacteriology has been greatly 
expanded and its practical possibilities multiplied” [p. 153]. In these and other 
fitting words the new text bids farewell to ancient monomorphic views and welcomes 
the new and living bacteriology. 

The chapter on the “Classification of Bacteria” (XI) occupies only six pages 
and radiates brevity, logic and common sense. The opening is good: “The main 
question, of course, is this: Are the bacteria classifiable? The answer to that 
will come only when these organisms are more completely known” [p. 156]. And 
again, “The variability of bacteria . . . is still unestimated in its extent and 
significance. Older conceptions of species have been greatly broadened” [p. 156]. 
Further, “The relationships among bacteria are not known with certainty. Hence, 
toxonomy [at present] cannot be authoritative [p. 156]. . . . The species con- 
cept has passed from a restricted view of characteristics to a concept of statistical 
distribution of qualities about a mean, and is constantly widening” [p. 156]. In 
these few, simple statements nearly all is said that profitably can be said about 
the classification of bacteria; and the economy of space in dealing with this problem 
is both meritorious and suggestive. 

Although the present reviewer has never written a book, he suspects that there 
is no class of material more difficult to classify and organize than that dealing 
with infection and immunity, antigens and antibodies, body defenses against disease 
and, in fact, all the various subjects coming under the heading of serology and 
immunology. Each of these subjects has an awkward way of creeping into the 
territory of another, to say nothing of making insistent demands for consideration 
in passages dealing with the specific infective agents. 

Should, for example, a discussion of specific soluble substances and other partial 
antigens, together with the heterophile group, be placed in the chapter dealing with 
“The Defensive Factors in the Animal Organism” or elsewhere? Is it desirable 
to present the chief considerations regarding antibodies in one chapter and deal 
with “the Nature of Antibodies” under “passive immunity” in another chapter two 
doors removed? The chapters dealing with these and closely allied subjects (XII, 
XIII and XX) are the only ones that might profit by a revision and reorientation 
of the subject matter. And yet it is admitted that it would be difficult to please 
every one in the manner of dealing with these subjects. 

It may also be questioned whether chapter XX, entitled “Introduction to the 
Study of Infectious Disease,” entirely fulfils the intended purpose. It is some- 
what of a jumble of miscellaneous matters, including the general principles of 
parasitism, kinds and sources of infection, disease carriers, modes of transmission 
of disease, herd infection and other considerations dealing with the general subject 
of epidemiology. The entire chapter, despite the importance of many of the subjects 
considered, boasts of only one subheading (“Mass Infection’), which is made so 
elastic as to cover the material of the following fifteen pages without a break. 
This chapter, moreover, can show but two bibliographic references (instead of the 
expected “reference list” such as follows other chapters). This lack seems to 
give the subject matter an undue appearance of unimportance, which is far from 
true. In later editions this entire chapter will tolerate important editorial revision. 
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One valuable feature of this book is the new treatment of the “problem of 
virulence.” The new light that has been thrown on this subject by recent studies 
on microbic dissociation is reflected accurately and clearly, not only in the chapter 
on “Fundamental Factors of Pathogenicity and Infection” (XII), but also in many 
other parts of the book, including the chapter on “Variability” and also chapter XX. 
It is pleasant to observe a recognition of the circumstance that the result of 
cultivating virulent organisms in their specific immune serum is to dissociate them 
into less virulent rather than into more virulent forms, thus correcting a miscon- 
ception under which bacteriologists have labored for many years. 

In nearly all textbooks of recent years, with the exception of those concerned 
with dental diseases, there has been a noticeable omission of references to diseases 
of the mouth and teeth. It is therefore gratifying to discover in the present book 
at least a paragraph devoted to the important problem of dental caries. The 
subject merits an even more detailed consideration accompanied by adequate 
references. Possibly the same might be said regarding the common oral infection 
pyorrhea (the name is not listed in the index), although this disease receives passing 
mention in the chapter on fusospirillary infections. The clinical bacteriologist, 
moreover, would appreciate seeing a more complete account of the ocular infections 
iritis and conjunctivitis and of the organisms responsible for them. Even the Koch- 
Weeks bacillus, in the excitement accompanying its transfer to the Pfeiffer group, 
seems to have suffered undue loss of certain pathogenic qualities in relation to 
infections of the eye. Vigorous revision of a textbook is seldom free from hazard, 
and the apparent omissions or repressions mentioned do not seriously detract from 
the merit of the volume as a whole. The wonder is not that some matters oi 
significance have been omitted but that so much new and important material has 
been added. 


In regard to the illustrations, it must be frankly said that they do not measure 
‘up to the otherwise high standard of the book, although much improvement over 


earlier editions is observable. While illustrative material in textbooks of bacteriol- 
ogy has always been of great importance in supplementing the force of the printed 
page, it has never been so important as at present, when the attention of many 
bacteriologists and physicians is being directed for the first time to the importance 
of morphologic, biochemical and serologic variation in bacteria and to the details 
of cell and colony transformation. Many older bacteriologists are presumably 
wondering what it is all about, and some consideration is due them. Nothing can 
supplement the understanding of many of these newer features of bacteriology as 
can good photographs showing the appearance of both cells and colonies char- 
acteristic of pure phase cultures and of their transition forms. 

Of these the book possesses a fair number, and the photographs of rough and 
smooth variants add ease of understanding to the written words. But there are 
not enough of them. Texts ‘in the future must go far beyond this point, even 
though it requires the elimination of the pictures of Ehrlich’s receptors, haptophores 
and antibodies and photographs of a boy taking the cotton plug out of a culture 
tube ; for it cannot be denied that such illustrations are not now of much educational 
significance. 

Again, something may be gained by a partial reinterpretation of some of the 
older illustrations, in order to stamp on them a new value. For example, it would 
have been of advantage, in figure 65, to point out that this photograph illustrates 
a rough phase colony of the anthrax bacillus, and that figure 64 shows the typical 
cells and chains of the rough phase culture; further, that figure 78 shows the 
appearance of agglutinated spirochetes of relapsing fever, and figure 79 the dividing 
forms of the same organism. Surely, if illustrations are worth reproducing they 
are worth careful and discriminative labeling. In all textbooks of bacteriology in 
the future there will be increasing demand that the illustrative features become a 
more intimate part of the descriptive scheme rather than permitting an impression 
of being thrown in, year after year, for the purpose of filling space. It is to be 
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hoped that the good beginning made in the book under consideration in supplying 
photographs of the chief culture variants of some of the more important bacterial 
species will be carried much further in subsequent editions. 

In conclusion, it should be pointed out that here is a book that has at last 
caught up with its subject. This is seldom observed in these days of rapid advances 
on the frontiers of research, when texts are likely to trail some years behind the 
forefront of actual knowledge. This volume will afford the generation of younger 
bacteriologists their first clear glimpse of the horizon toward which the new bac- 
teriology has begun to push its way; and to older bacteriologists and physicians, 
whose school years are far behind, it will offer grounds for new and inviting 
interest in an old science. 


CORRECTION 


In the article by Dr. I. Rudnikoff and Miss Helen Stawsky, entitled, “Modified 
Method for Staining Gram-Positive and Gram-Negative Organisms in Tissue 
Sections,” in the April issue (Arcu. Patu. 19:543, 1935), there are two errors in 
the Brown and Brenn method for differential staining for gram-positive and gram- 
negative bacteria in tissue sections; i. e., in the first line of step 10, “0.055 Gm.” 
should read “0.005 Gm.,” and in the line below, “0.1 cc. of a saturated aqueous 
solution” should read “0.1 cc. of a saturated alcoholic solution.” 
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Abdomen, relation of increased intra-abdominal 
pressure to liver lesions of eclampsia, 566 
Abnormalities: See also Monsters; and under 
names of organs and regions 
anencephalic monster with “rhinodymie’”’ and 
other anomalies, 605 
Abortion, growth of decidual tissue in uterine 
wall following injury in attempted abor- 
tion, 597 
leukemoid blood with induced abortion, 911 
rapid agglutination test for infectious abor- 
tion in cattle, 748 
Abscesses: See also under names of organs 
and regions 
production of abscesses with fusiform bacilli 
by aid of scillaren-B, 890 
Acid, lactic; influence of lactic acid and sugars 
on growth of transplanted mouse sarcoma 
180, 590 
lactic; local effects of intra-articular injec- 
tion in sensitized rabbits, 120 
Nucleic: See Nucleins 
Acidosis, investigations of postoperative acido- 
sis and ketonuria, 112 
Actinomyces, Bacillus necrophorus and oxygen 
intolerance of organism, 427 
Adamantinoma or ameloblastoma of hypophys- 
eal duct region, 127 
with origin from hypophyseal duct, 282 
Adenocarcinoma of uterus in rabbit, 128 
Adenolymphoma (orbital inclusion adenoma) of 
parotid gland, 756 
Adenoma, Meckel’s diverticulum with adenoma 
and intestinal bleeding, 246 
of parathyroid, 756 
sebaceous hyperplasia of skin including se- 
baceous adenoma; bearing of latter on 
multiple adenomas of liver, 278 
tubulare esticulare (arrhenoblastoma of 
ovary), 277 
Adenosarcoma, renal, in white rat, *687 
Adhesions, abdominal; periappendicitis without 
appendicitis; study based on 26,051 appen- 
dixes, *185 
Adipose Tissue: See Fat; Obesity 
Adolescence, granulosa cell ovarian tumors and 
precocious puberty, 592 
Adrenals: See Suprarenals 
Agalactia: See Lactation, disorders 
Age and antibody production, 747 
Agglutination, admissibility of blood transfu- 
sion in auto-agglutination, 121 
bacterial, chemical studies on, 747 
concentration of sodium chloride and aggluti- 
nation of stroma of red cells, 122 
demonstration of group-specific substances in 
copes fixed with solution of formaldehyde, 


optimal; significance of different ratios of se- 
rum to bacteria, 261 
— test for infectious abortion in cattle, 
8 


Agglutinins: See also under Antigens and 
Antibodies; Blood, groups; Immunity 
adsorption and elution of agglutinins, 896 
analysis of agglutinins against Bacillus ty- 
phosus, 126 
comparison of agglutinogens in rabbits with 
those in man, 895 


Agglutinins—Continued 
effect of digitalis on ability 
produce agglutinins, 123 
type-specific agglutinins and antibodies in 
serum of rabbits following inhalation of 
living pneumococci, 260 
Agglutinogens: See Agglutinins; Blood, groups; 
Paternity 
Agranulocytosis: See Angina, agranulocytic 
Ainhum, pathologic histology, 
Air-borne infection (viability of droplet nuclei 
infection), 575 
Albumin: See under Cerebrospinal Fluid, pro- 
teins; Protein; etc. 
Allen, R. B.: Effect of resection of large frac- 
tions of renal substance, *174 
Experiments on compensatory renal hyper- 
trophy, *341 
High frequency electric fields and roentgen 
rays; effects on compensatory hypertrophy 
of kidney, *502 
Allergy: See Anaphylaxis and Allergy 
Amebiasis, pathology, 740 
Ameloblastoma: See Adamantinoma 
Amidopyrin and allied drugs, relation to eti- 
ology of agranulocytosis, 564 
Amylase in Blood: See Blood, amylase 
in mouse sarcoma, 592 
Amyloidosis, atypical, 572 
origin and nature, 752 
Anaphylactogens, four laws that govern selective 
hematogenous localization of, 898 
Anaphylaxis and Allergy; action of bacterial 
filtrates on endothelium, 744 
anaphylactic metabolic reaction of isolated 
tissues, 752 
antibodies for Forssman’s antigen in serum 
sickness and infectious mononucleosis, *870 
cortin protection against anaphylactic shock 
in guinea pigs, 747 
drop of titer of complement in histamine 
shock, 124 
effect of antecedent infection and immuniza- 
tion with streptococci upon reactivity of 
rabbits to horse serum, 588 
fatal pseudo-anaphylaxis by intramuscular in- 
— of benzene and related substances, 
5 


of rabbits to 


formaldehyde hypersensitiveness, 895 
four laws that govern selective hematogenous 
localization of anaphylactogens, 898 
influence of sexual maturity on reactivity of 
rabbits to horse serum, 588 
local effects of intra-articular injection of 
lactic acid in sensitized rabbits, 120 
participation of peripheral nerves in allergic 
tissue reactions, 240 
relation of allergy and lesions in animals 
vaccinated with B C G, *673 
sepsis with allergic manifestations, 743 
vascularization and sensitization of cornea, 
259 
Anemia, aplastic; 2 cases of reticulo-endothelio- 
sis with clinical aplastic anemia, 886 
association of bartonella bodies with induced 
anemia in dog, 729 
bartonella incident in 
fistula in dogs, 729 
bile pigment and hemoglobin regeneration, 239 
sickle cell, 2 unusual cases with autopsy, 454 
splenic; chronic congestive splenomegaly and 
its relation to Banti’s disease, 565 
Anencephaly: See Monsters 
Anesthesia, medicolegal aspect of deaths with 
chloroform or ether, 451 
Aneurysm, aortic, rupture into pulmonary ar- 
tery, 282 
aortic; thoracic aortic aneurysms in children ; 
relation to rheumatic fever, 733 
mycotic, of pulmonary artery, 437 
of pulmonary artery, 248 


splenectomized bile 
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Angina, agranulocytic; hemorrhagic agranulo- 
cytosis, 571 
agranulocytic, relation of amidopyrin and al- 
lied drugs to etiology of, 564 
Angioma, facial and meningeal angiomatosis 
associated with calcification of brain cor- 
tex, 739 
Ankylosis: See Joints 
Anomalies: See Abnormalities; Monsters; and 
under names of organs and regions 
Antibodies: See Antigens and Antibodies 
Antigens and Antibodies, age and antibody pro- 
duction, 747 
antibodi s against tubercle bacilli and specific 
therapy against tuberculosis, 442 
antibodies for Forssman’s antigen, *862 
antibodies for Forssman’s antigen in serum 
sickness and infectious mononucleosis, *870 
antibody formation after extirpation of 
antigen-depot, 588 
antibody response of rabbits to homologous 
brain, 746 
antibody response of rabbits to type I pneu- 
mococcus vaccines, 585 
in infectious mononucleo- 
sis, 58 
antigenic properties of carbohydrates, 897 
antigenic relationship of alcohol-soluble frac- 
tions of brain and testicle, 894 
antigens of red blood corpuscles, 751 
bacteria which contain Forssman antigen, 850 
chemo-immunological studies on conjugated 
carbohydrate-proteins, 894 
complexity of antigens in relation to zones in 
precipitation reaction, 896 
demonstration of antibodies 
blood by ball reaction, 897 
diagnostic importance of heterophile antibody 
test in leukemia, 587 
distribution of brain antigen in nervous sys- 
tem, 121 
forms of life other than bacteria which con- 
tain Forssman’s antigen, *848 


against sheep 


Forssman’s antigen and resistance to disease, 
871 


found in Shiga bacillus and in human 
erythrocytes, *873 

growth in vitro of normal mouse cells and 
of mouse cancer cells (carcinoma, sar- 
coma) in neutral and immune media (serum 
plasma), 903 

heterophile antigen’ in 
species, 584 

heterophile antigens found only in animal tis- 
sue, *876 

heterophile antigens found only 
organisms, *877 

heterophile antigens present in tissue of ani- 
mals and of micro-organisms, *845 

heterophile phenomena in immunology, *841 

in human serum against red blood corpuscles 
of sheep, 897 . 

miscellaneous practical application of knowl- 
edge of Forssman’s antigen, *872 

mode of distribution in bacteria, *847 

multiplicity of Forssman’s antigen, *859 

nature and antigenic properties of highly 
purified phage, 119 

nature of Forssman bacterial antigens, *857 

nature of Forssman’s antigen, *852 

organ specificity of autonomous nervous sys- 
tem, 12 

present in paratyphoid B bacillus and in 
human erythrocytes of group A, *874 

present in pneumococcus and human erythro- 
cytes of group A, *874 

rate of antibody formation in monkeys immu- 
nized with poliomyelitis virus, 747 

structure of antigen and production of anti- 
bodies during combined immunization with 
alcohol-soluble haptens, 898 

toxic reactions, *866 

type-specific agglutinins and antibodies in 
serum of rabbits following inhalation of 
living pneumococci, 260 


various bacterial 


in micro- 
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Antiserum: See under names of various dis- 
eases 
Antitoxin: See under Diphtheria; etc. 
Anus, histopathology of anal crypts, 247 
Apoplexy: See Brain, hemorrhage 
Apparatus for isolation from human tissues of 
easily volatile organic liquids and their 
identification, *208 
for stereoscopic photography of pathologic 
specimens, *684 
Appendicitis, fetal peritonitis due to, 106 
inflammatory reaction in omentum, 573 
Appendix, periappendicitis without appendicitis ; 
study based on 26,051 appendixes, *185 
Argentophil fibrils in differential diagnosis of 
malignant tumors, 755 
Arrhenoblastoma of ovary, 907 
of ovary (adenoma tubulare testiculare) ; re- 
port of case, 277 
Arrhythmia: See also Heart, block 
pathologic changes in heart in auricular 
fibrillation, 241 
Arsenic, attempts to demonstrate arsenic histo- 
logically in skin, 441 
Arteries: See also Aneurysm; Arteriosclerosis : 
Blood pressure; Blood vessels; Embolism ; 
Thrombosis 
coronary, anomalies of, 438 
coronary ; calcification of myocardium follow- 
ing coronary occlusion, 732 
coronary, effect of atherosclerotic plaques on 
diameter of lumen of, 133 
coronary, facts on disease based on survey 
of 762 cases, 242 
coronary, myocardial changes following ex- 
perimental ligation, 109 
coronary, myocardial necrosis due to coronary 
insufficiency, 571 
coronary, vascular communications between 
amma arteries and chambers of heart, 


24 

inflammation; arteritis of temporal vessels, 
previously undescribed form, 244 

ligation of arteries of conduction system; 
second attempt to produce heart block in 
dogs, *465 

pulmonary; chronic pulmonary arteritis in 
schistosomiasis Mansoni associated with 
hypertrophy of right cardiac ventricle, 764 

owed rupture of aortic aneurysm into, 


wee: hyaline change of splenic arterioles, 


splenic, relation of tortuosity to arteriosclero- 
sis of, 439 
Arteriosclerosis, cholesterol-induced atheroscle- 
rosis; prevention in rabbits by feeding of 
organic iodine compound, *530 
effect of atherosclerotic plaques on diameter 
of lumen of coronary arteries, 133 
of liver, 437 
relation of tortuosity to arteriosclerosis of 
splenic artery, 439 
renal; benign nephrosclerosis and arterial hy- 
pertension, 572 
Arteritis: See under Arteries 
Arthritis: See also Rheumatism 
local effects of intra-articular injection of 
lactic acid in sensitized rabbits, 120 
rheumatoid, serum reaction in, 589 
Asbestosis: See Pneumoconiosis 
Ascaris lumbricoides in peritoneal cavity, 883 
Aschoff Body: See Rheumatic Fever 
Aspiration biopsy, 598 
Atelectasis: See Lungs, collapse 
Atheroma and coronary thrombosis in young 
diabetic, 434 
Atherosclerosis: See Arteriosclerosis 
Auricular Fibrillation: See Arrhythmia 
Azoproteins: See under Proteins 


BC G: See under Tuberculosis 

Bacilli: See Bacteria 

Bacteremia: See Pneumococci; Pyemia; Septi- 
cemia; Streptococci; Tuberculosis, bactere- 
mia in; etc. 
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INDEX TO 
Bacteria: See also Diphtheria, bacilli; Tubercle 
Bacilli; Typhoid, bacilli; ete 


Abortus and Melitense Group: See also Abor- 
tion, infectious; Undulant fever 

abortus and melitense group; allergic reac- 
tions in tuberculosis and brucelliasis, 751 

abortus and melitense group; carbohydrate 
and nucleoprotein fractions of Brucella, 
584 

abortus and melitense group; survey of work- 
ers in packing plants for evidence of Bru- 
cella infection, 580 

abortus and melitense group; susceptibility of 
fow! to bacteria of Brucella group, 745 

acid-fast group, filtrability of, 117 

bacteriologic investigation in 400 necropsies, 

Brucella, isolation of Brucella from healthy 
swine, 255 


Brucella; passage of bovine Brucella through 
swine, 
Brucella; structural changes in Brucella suis 


infection in swine, 433 
Clostridium: See also Botulinism 
Clostridium, proteolytic and deaminizing 
enzymes of Clostridium sporogenes and 
Clostridium histolyticum, 256 
coli, antagonistic action, 746 
Corynebacteria: See also Diphtheria, bacilli; 


etc. 

dissemination of human pathogenic bacteria 
through cow’s udder, 604 

extrahepatic gall ducts in bacterial inflam- 
mation and after injury by pancreatic fer- 
ment, 885 

growth and multiplication as disclosed by 
micro-motion pictures, 255 

fluorescence with ultraviolet light, 427 

heterophile antigen in various bacterial 
species, 584 

localization and fate in tissues, 255 

Necrophorus: See Actinomyces 

optimal agglutination; significance of different 
ratios of serum to bacteria, 261 

Paratyphoid-Enteritidis: See Bacteria, 
phoid group 

Pestis: See Plague bacilli 

Pneumococci: See Pneumococci 

pyocyaneus, histopathology of gastro-intestinal 
lesions of pyocyanic infection, 435 

reticulo-endothelial system and natural im- 
munity of white mice against Bacillus 
pseudo-anthracis, 445 

Rhinoscleromatis: See Rhinoscleroma 

sensitivity to beta and gamma radium rays, 


ty- 


257 
Shiga: See Dysentery 
Sonne’s: See Dysentery 
Streptococci: See Streptococci 
Tularense: See Tularemia 
typhoid group; preparation of differential 
immune serums for bacteria of paratyphoid- 
enteritidis group, 899 
Bactericides: See Germicides 
Bacteriology, postmortem, 118 
Bacteriophage, nature and antigenic properties 
of highly purified phage, 119 
agent of bacterial extracts, 
427 


specific inhibition of bacteriophage action by 
bacterial extracts, 254 
Bacterium: See Bacteria 
Bailey, P.: Osteoma in frontal sinus, 909 
Baker, A. B.: Nonsuppurative forms of 
encephalitis, *213 
Baker, R. D.: Endocardial tuberculosis, *611 
Ball, H. A.: Gelatinous carcinoma of sigmoid 
flexure in 15 year old girl, 758 
Banti’s Disease: See Anemia, splenic 
Barton, E. M.: Ligation of arteries of conduc- 
tion system; second attempt to produce 
heart block in dogs, *465 
Bartonella, association of Bartonella bodies with 
induced anemia in dog, 729 
incidence in splenectomized bile fistula dogs, 
729 
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Basophils: See under Erythrocytes 


Behrend, M.: Arrhenoblastoma of ovary 
(adenoma tubulare testiculare), report of 
case, 277 

Benzene; benzol poisoning with hyperplasia of 


bone marrow, 242 
fatal pseudo-anaphylaxis by intramuscular in- 
jection of benzene and related substances, 


895 
isolation from human tissues of easily volatile 
organic liquids and their identification, *208 
Benzol: See Benzene 
Bernhard, W. G.: Cholesterol-induced athero- 
sclerosis; prevention in rabbits by feeding 
of organic iodine compound, *530 
Bile, microliths of bile and gallstones, 249 
pigment and hemoglobin over-production in 
splenectomized bile fistula dog, 729 
pigment and hemoglobin regeneration, 239 
Bile Ducts: See also Biliary Tract ; Gallbladder 
extrahepatic gall ducts in bacterial inflamma- 
tion and after injury by pancreatic ferment, 


885 
ene of common duct into duodenum, 


ligation of common duct in cat, *34 
morphologic and functional changes asso- 
ciated with reestablishment of bile flow 
in cats with experimental obstruction of 
common duct, 759 
renal changes in biliary stasis and decom- 
pression in cats, *807 
Billary Tract, calculi; microliths of bile and 
gallstones, 249 
formative relations of epithelium 
chyme, 110 
renal changes following biliary 
decompression and operation 
tract, *636 
renal changes in biliary stasis and decom- 
pression in cats, *807 
Bilirubinemia: See Blood, bilirubin 
Biopsy, aspiration, 598 
high frequency curents for, 598 
Birchwood, E.: Effect of atherosclerotic plaques 
2. diameter of lumen of coronary arteries, 


and mesen- 


obstruction, 
on biliary 


Birkeland, J. M.: Chemical nature of tobacco 
mosaic virus, 607 
Bismuth, inclusions in renal epithelial cells fol- 
lowing use of bismuth preparations, 735 
melanosis of colon due to, 
Blackhead; histomoniasis (‘‘blackhead”’ 
tion) in chicken and turkey, 25 
Bladder, transplants, influence on healing of 
defects of bone, 567 
Blastocytoma, mixed tumor (renal blastocytoma) 
of parovarium, 445 
Blennorrhea: See Conjunétivitis 
Blood: See also Erythrocytes; Hemoglobin; 
Leukocytes 
amylase in experimental pancreatitis, 440 
bactericidal properties; lipoids of serum and 
its bactericidal properties, 897 
bilirubin in serum; morphologic and func- 
tional changes associated with reestablish- 
ment of bile flow in cats with experimental 
obstruction of common duct, 759 
cells, studies on organogenesis, 568 
cytology in experimental syphilis, 114 
Diseases: See Anemia; Leukemia: etc. 
effect of a extract on kidney and 
blood in man, 
lipoids ; lipids in xanthoma, 


fats and lipoids; cholesterol-induced athero- 
sclerosis ; its prevention in rabbits by feed- 
ing of an organic iodine compound, *530 

fats and lipoids; lipoids of serum and its 
bactericidal properties, 897 

fats and lipoids; réle of lipoids of serum, 250 

erenes agglutinogens M and N in Belgium, 


infec- 


groups; agglutinogens M and N of Landsteiner 
and Levine, 747 
groups and immunity, 263 
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Blood—Continued 


groups and therapeutic malaria, 268 

groups, chemical nature of factors, 112 

groups, forensic application of individuality 
tests, 595 

groups; grouping on small quantities of blood 
stain, 267; correction, 767 

groups, identification of, 596 

sroups ; medicolegal aspects of iso-agglutinins, 

groups; practical application of blood factors 
M and N of Landsteiner and Levine, 444 

groups; recognition of eliminators of blood 
group O by means of heterophilic immune 
serum, 899 

groups; relation between hemolysis and blood 
groups, 745 

groups; results of serologic study of popula- 
tion of Berlin, 

groups; specific properties of anti-A immune 
serum, 126 

groups; specific properties of urine, 112 

groups; type-specific and group-specific sera 
against streptococci, 759 

groups; use of commercial serum, anti-M and 
anti-N, for forensic work, 

at teed substances in blood of mice, 


group-specific substances in organs fixed with 
— of formaldehyde, 267; correction, 
6 

immunological characteristics of formolized 
serum proteins, 895 

monocyte-lymphocyte ratio tuberculous 
guinea-pig, 428 

picture; effects of high environmental tempera- 
ture on peripheral blood picture, 198 

platelets ; bactericidal properties of leukocytes 
and blood-platelets in presence of normal 
serum, 120 

i high, and benign nephrosclerosis, 
72 


pressure, high; chromaffin cell tumor causing 
paroxysmal hypertension, relieved by opera- 
tion, 900 

pressure, high; lesions in vascular system in 
fatal cases of chronic nephritic toxemia of 
pregnancy, 882 

pressure, high; relation between basophilic 
invasion of neurohypophysis and _ hyper- 
tensive disorders, *473 

pressure, high, spinal fluid pressure in, 440 

serologic relationship between fetal blood and 
blood of patients with cancer, 130 

serum, destructive action on hemoglobin, 111 

stain, blood grouping on small quantities of, 
267; correction, 767 

sugar; spontaneous hypoglycemia, 575 

sugar, subtotal resection of pancreas for 
hypoglycemia, 239 

sulphur compounds; blood glutathione in 
tuberculosis, 249 

transfusion, admissibility in auto-agglutina- 
tion, 

trypanocidal action of normal human serum, 
584 


trypanocidal power of normal human serum, 
584 


vessels ; arteritis of temporal vessels, previously 
undescribed form, 244 

vessels; fractures of neck of femur, disloca- 
tions of hip, and vascular disturbances with 
aseptic necrosis of head of femur, 882 


Bodo Caudatus: See Protozoa 


Bollman, J. L.: Compensatory hypertrophy of 
remaining kidney after nephrectomy follow- 
ing transplantation of ureter into duodenum, 
*2 


Effect of resection of large fractions of renal 
substance, *174 


Bones, changes in Hodgkin’s granuloma, 882 


changes in teeth and bone in chronic fluoride 
poisoning, *159 

Diseases: See also Osteitis; Osteomalacia ; 
Osteosclerosis 
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Bones—Continued 
diseases ; changes in cartilage in generalized 
diseases of bone, 436 
— sporadic cretinism in one of twins, 


healing of defects of, influence of bladder 
transplants on, 567 

lymphosarcoma in bone, 900 

Marble: See Osteosclerosis 

marrow, benzol poisoning with hyperplasia of 
marrow, 242 

marrow, lymphadenosis of bone marrow, 885 

osteoplastic tumor of obscure origin and re- 
lationship, 602 

sarcoma (osteoblastoma), 755 

syphilis, diffuse, 571 

tumors, nonmalignant, clinical and therapeu- 
tie aspects, 45 

nonmalignant, roentgenologic aspects, 


tumors; symposium on nonmalignant tumors; 
pathologic aspects, 455 


Boox Reviews: 


Amebiasis and Amebic Dysentery; C. F. 
Craig, 137 

Blood Groups and Blood Transfusions; A. § 
Wiener, 

Brain as an Organ; Its Postmortem Study 
and Interpretation; F. and F. Wertham, 462 

Physiologie et physiopathologie du systéme 
réticulo-endothélial; A. H. DuBois, 285 

Rats, Lice and History: Being a Study in 
Biography, Which, After Twelve Preliminary 
Chapters Indispensable for Preparation of 
Lay Reader, Deals with Life History of 
Typhus Fever; H. Zinsser, 608 

Recherches expérimentales sur quelques esters 
de la choline; M. Villaret, 608 

Report of Medical Research Council for Year 
1933-1934, 767 t 

Technique of Post Mortem Examination as 
Practiced in Pathological Institute of McGill 
University at Royal Victoria Hospital, 
Montreal; D. R. Coman, 768 

Textbook of Bacteriology with Section on 
Pathogenic Protozoa. Application of Bac- 
teriology and Immunology to Etiology, Diag- 
nosis, Specific Therapy and Prevention of 
Infectious Diseases for Students and Prac- 
titioners of Medicine and Public Health; 
H. Zinsser and S. Bayne-Jones, 914 


Books Received, 138, 286, 464, 610, 768, 920 
Borna disease, cross-immunity between virus of 
Borna disease and that of equine encepha- 
lomyelitis, 260 
Botal’s Duct: See Ductus arteriosus 
Botulism clostridium, growth-stimulating proper- 
ties of cystine and tryptophan, 115 
Bowman cancer fund, 563 
Brain: See also Cerebellum; Dura mater; 
Meninges ; etc. 
abnormalities; anencephalic monster with 
“rhinodymie”’ and other anomalies, 605 
antibody response of rabbits to homologous 
brain, 746 
antigen, distribution in nervous system, 121 
antigenic relationship of alcohol-soluble frac- 
tions of brain and testicle, 894 
blood supply; anomalies of circle of Willis 
and resulting vascular disturbances of 
brain, 607 
calcification; facial and meningeal angioma 
associated with calcification of brain cortex, 


calcification ; focal calcification of brain and 
dura of hydrocephalic idiot child, *47 

calcification of equidae and bovidae, 736 

cellular inclusions in cerebral lesions of 
epidemic encephalitis, 245 

congenital hypertrophy of muscles, extra- 
pyramidal motor disturbances and mental 
deficiency, 733 

hemorrhage, intracranial, of new-born, 241 
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Brain—Continued 

hernia; neurofibromatosis and its relations to 
gliomas and hernias of brain, 131 

hydatid disease of, 741 

injuries; histologic change in fatal injury to 
head, 245 

lesions associated with neurogenic erosions 
and perforations of stomach and esophagus, 
567 


leukemic changes, 738 

neurofibromatosis of sympathetic nerves, spinal 
cord, brain and hypophysis, 129 

organ specificity of autonomous 
system, 126 

parasites in; meningoencephalitis caused by 
cysticercus cellulosae, 601 

pathologic histology of brain in malaria, 886 

pathology; primary ependymitis (occlusion of 
foramina of Monro and hydrocephalus of 
lateral ventricles), 738 

phosphatide content in Niemann-Pick disease 
and in infantile amaurotic idiocy, 250 

reticulo-endothelial tissue in senile psychoses, 
104 


nervous 


tumor in Virchow-Robin sheaths, 446 
Breast, cancer; healing of intra-duct carcinoma 
of the mamma, 755 
cancer, megakaryocytosis in white mice with 
spontaneous mammary carcinoma, 128 
cancer; prognosis in relation to grading and 
treatment, 755 
cancer; transplantation during skin-grafting, 
estrin in fibro-adenoma of breast, 900 
fibroma of, 593 
lipophagic granuloma, 435 
tumors ; relation of color to incidence in mice, 
754 
Bright’s Disease: See Nephritis 
Brill’s Disease: See Typhus 
Broad ligament, mixed tumor (renal blasto- 
cytoma) of parovarium, 445 
Brock, H. J.: Glycosuria of pregnant and 
lactating women, 453 
Broder, S. B.: Anencephalic monster with 
“rhinodymie” and other anomalies, 605 
Bronchi, cancer; pulmonary lesions following 
stenosing cancer of main bronchi, 446 
endobronchial occlusion, 730 
major, tuberculosis of, 736 


Brown, C. E Issues at stake in grading of 
tumors, 281 
Brucella: See under Bacteria 


Buchbinder, L.: Heterophile phenomena in im- 
munology, *841 

Bucy, P. C.: Proliferative endophlebitis, 910 

Burns, participation of skin lymphatics in re- 
pair of lesions due to incisions and burns, 


Butter, histologic investigation of rats on butter 
diet, 

Byron, C. S.: Influence of dinitrophenol on 
carbohydrate metabolism, 601 


Cabitto Test: See Cerebrospinal Fluid 
Calcification: See also Bones, growth; Brain, 
calcification ; Heart, calcification 
of skin and subcutaneous tissues, 243 
Calcium, réle of calcium carbonate in caustic 
action of potassium cyanide, 597 
Calculi: See Gallbladder, calculi; Urinary tract, 
calculi; ete. 
Cancer: See also Sarcoma; Tumors; etc.; and 
under names of organs and regions 
action of enzymes of malignant tumors on 
elastic tissue, 447 
action of some polycyclic aromatic hydro- 
carbons in producing tumors of connective 
tissue, 753 
and rhinoscleroma, 129 
anticancer bodies in animals 
homologous tumor, 903 
argentophil fibrils in differential diagnosis of, 
755 


immune to 
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Cancer—Continued 


cells; growth in vitro of normal mouse cells 
and of mouse cancer cells (carcinoma, 
sarcoma) in neutral and immune media 
(serum plasma), 903 

cells; has cancer cell any differential char- 
acteristics? 591 

comparative measurements of nucleus and 
nucleolus with reference to cancer, 447 

effects of artificially induced lymphopenia in 
and cancer-susceptible rats, 


epidermoid, grading of, 264 
etiology ; irritation versus genetic constitution 
in etiology, 127 
histologic criteria of malignancy, 131 
histologic studies on filterable tumors of fowl, 
with reference to metastatic growths, 904 
incidence at Philadelphia General Hospital 
from 1867 to 1933 with reference to primary 
carcinoma of lung, 279 
involvement of fifth and tenth cranial nerves 
in fusospirochetal infections and in car- 
cinoma, 435 
metastasis of melanoma before recognition of 
primary growth, 591 
metastasis to spleen, 127 
multiple carcinoma and pigmentary dermatosis 
in Negro boy, 595 
multiple primary cancer, 591 
persistent adiposity in, 131 
scarlet red as possible agent, experimental 
study, *83 
serologic diagnosis of lipoidal 
flocculation, 130 
serologic relationship between fetal blood and 
blood of patients with cancer, 130 
so-called alveolar cell cancer of lung, *203 
specificity of chemical and serologic fractions 
of extracts of cancer tissue, 266 
squamous cell carcinoma, leukoplakia and 
concretions in megalo-ureter, 912 
squamous cell; quantitative study of mito- 
chondria in various grades of squamous cell 
carcinoma, *524 
tar; further studies on tar cancer in mice 
a on diets supplemented with liver, 
tar; genetic factor in benign tar tumors in 
mice, 8 
tar; lesions induced in lungs by intravenous 
injection of tar, *287 
tar; micro-incineration studies of tar tumors 
of rodents, 905 
tar; multiple tumors in tarred and radiated 
animais, 591 
transplantation of carcinoma during skin- 
grafting, 592 
trauma as causative factor of, 594 
traumatic. modern attitude, *690 
tumor metastasis; ovarian metastasis of car- 
cinoma, *75 
Cannon, P. R.: Lipoid pneumonia, 135 
Cantarow, A.: Morphologic and _ functional 
changes associated with reestablishment of 
bile flow in cats with experimental ob- 
struction of common duct, 759 
Renal changes in biliary stasis and decom- 
pression in cast, *807 
Capillaries; are capillaries formed in_ tissue 
cultures of leukocytes? 100 
Carbohydrates, antigenic properties of carbo- 
hydrates, 897 
chemo-immunological studies on conjugated 
carbohydrate-proteins, 894 
development of precipitins for protein, lipoid 
and carbohydrate fractions of S and R 
forms of tubercle bacilli, 896 
influence of dinitrophenol on carbohydrate 
metabolism, 601 
relationship between vitamin B and protein, 
fat and carbohydrate of diet, 732 
Carbon bisulphide, isolation from human tis- 
sues of easily volatile organic liquids and 
their identification, *208 


by means 
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Carbon— Continued 
tetrachloride, isolation from human tissues of 
easily volatile organic liquids and their 
identification, *208 
Carcinoma: See Cancer 
Cardiovascular Diseases : 
sels: Heart 
anomalies of coronary arteries, 438 
sudden death due to, 266 
Carr, F. B.: Persistent truncus arteriosus in 
man aged 36 years, *833 
Cartilage, adaptive changes in cartilage and 
bone of ankylosed joints, 104 
changes in generalized diseases of bone, 436 
fate of detached articular cartilage, 606 
Castration, hypophysis of human castrate, 246 
Catron, L.: Effect of specific immunization and 
of acacia medium on localization of type I 
pneumococci in mice, 133 
Cells, cellular inclusions in cerebral lesions of 
epidemic encephalitis, 245 
comparative measurements of nucleus and 
nucleolus with reference to cancer, 447 
cytology of glioma group, 593 
giant; generalized dissemination of giant cells 
in lymphoid tissue in prodromal stage of 
measles, *819 
giant; megakaryocytosis in white mice with 
spontaneous mammary carcinoma, 128 
has cancer cell any differential characteristics, 
591 
inclusion bodies in salivary glands, 889 
inclusions in renal epithelial cells following 
use of bismuth preparations, 735 
inclusions; lichen ruber planus and centro- 
cytes of Lipschitz, 439 
quantitative study of mitochondria in various 
grades of squamous cell carcinoma, *524 
Cerebellopontile angle tumors, 35 cases, 448 
Cerebellum, medulloblastoma (granuloblastoma), 
595 


See also Blood ves- 


Cerebrospinal Fluid, preparations of colloidal 
gold, 
pressure in arterial hypertension, 440 
proteins; Cabitto test for albumin, 449 
tryptophan test in tuberculous meningitis, 
449 


Chemotropism, absence of, in lymphocytes, *679 
Chicken, histomoniasis (‘‘blackhead”’ infection) 
in chicken and turkey, 257 
Chickenpox, complement fixation 
zoster and chickenpox, 444 
elementary bodies of zoster and their sero- 

logical relationship to those of varicella, 


in herpes 


Chloroform, isolation from human tissues of 
easily volatile organic liquids and their 
identification, *208 
medicolegal aspect of deaths with chloroform 
or ether, 451 
Cholelithiasis: See Gallbladder, calculi 
Cholera: See also Hog-Cholera 
hemolysin and toxin of cholera and related 
organisms, 442 
vibrio, rough variation in cholera vibrio and 
its relation to cholerophage, 891 
Cholerophage, rough variation in cholera vibrio 
and its relation to, 891 
Cholesterol and vitamin A content of liver in 
man, 249 
induced atherosclerosis; prevention in rabbits 
by feeding of organic iodine compound, 
*530 
Schultz cholesterol reaction in suprarenal cor- 
tex, 883 
Choline and liver fat, 240, 731 
Chordoma of cranium and cervical portion of 
spine, 753 
sacrococcygeal, in children, 592 
Chorio-allantoic membrane, propagation of 
virus of infectious laryngotracheitis on 
chorio-allantoic membrane, 891 
Choriocarcinoma, diagnosis of choriocarcinoma 
by determining gonadotropic substance in 
urine, 900 


Chorio-epithelioma, ectopic, 763 
Chorionepithelioma, extragenital, in male, 264 
Chromaffin cell tumor causing paroxysmal hy- 
on 900 
romatophores, experimental color ch 
ronaxia of experimental poliomyelitis, 43 
Clark, E.: Chronic pulmonary arteritis in 7 
tosomiasis Mansoni associated with hyper- 
trophy of right cardiac ventricle, 764 
Clawson, B. J.: Relation of allergy and lesions 
in animals vaccinated with B C G, *673 
Clostridium: See Bacteria, Clostridium; Botu- 
linism 
Cochems, F. M.: Squamous cell carcinoma, 
leukoplakia and concretions in megalo- 
ureter, 912 
Coley, B. L.: 
mors of bone; 
aspects, 458 
Colitis, ulcerative; study of bacteria from iso- 
lated colon in 3 cases of ulcerative colitis 
by means of cultures and monkey inocula- 
tions, 908 
Colloid state, hemolysis and irradiation, 112 
Colon, melanosis due to bismuth, 571 
Color, experimental changes in fish, *24 
ee capillary analysis of complement, 


Symposium on nonmalignant tu- 
clinical therapeutic 


drop of titer of complement in histamine 
shock, 124 
Conjunctivitis, granular blennorrhea, 432 
spontaneous conjunctival folliculosis, 577 
Cooper, Z. K.: Quantitative study of mito- 
chondria in various grades of squamous cell 
carcinoma, *524 
Scarlet red as possible carcinogenic agent; 
experimental study, *83 
Copper, metabolism of copper and iron in 
splenectomized rats free from Bartonella 
muris infection, 568 
protection against Trypanosoma equiperdum 
in rats, 578 
Come, vascularization and _ sensitization of, 


Coronary Artery: See Arteries, coronary 
external, histopathology of, 


luteum, human, *380, *545 
Cortin: See Suprarenal Preparations 
Craniopharyngeal Canal, adamantinoma or 
ee of hypophyseal duct region, 
adamantinoma with origin from hypophyseal 
duct, 282 
Cranium: See also Head 
chordoma of cranium and cervical portion of 
spine, 753 
pressure; necrobiosis of hypophysis in in- 
creased intracranial pressure, 438 
Crawford, B. L.: Melanoma of skin with un- 
usual metastasis, 278 
Cretinism, sporadic, in 1 of twins, 564 
Curtis, J. S.: Lesions induced in lungs by 
intravenous injection of tar, *287 
Custer, R. P.: Variations in pathologic mani- 
festations of leukemia, 276 
Cyanides, réle of calcium carbonate in caustic 
action of potassium cyanide, 597 
Cysticercus cellulosae, meningo-encephalitis 
caused by, 601 
irritation versus genetic constitution in eti- 
ology of malignant tumors, 127 
malignant cells of Crocker cysticercus sar- 
coma, 127 
Cytosiderin and experimental siderosis, *53 


Dack, G. M.: Study of bacteria from isolated 
colon in 3 cases of ulcerative colitis by 
means of cultures and monkey inoculations, 


908 
Davis, D. J.: Dissemination of human patho- 
genic bacteria through cow’s udder, 604 
Death, study of signs of vital reaction, 596 
sudden, 266 
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Degeneration, hyaline change of splenic ar- 
terioles, 887 
Delaney, P. A.: Eosinophilic leukemia with 
splenomegaly, 910 
Leukemoid blood with induced abortion, 911 
Dementia Paralytica: See Paralysis, general 
praecox and tuberculosis, 751 
Derby, I. M.: Blood groups and therapeutic 


Dermatitis, exfoliative, lungs in, 246 
De Santo, D. A.: Certain pathologic aspects of 
schistosomiasis Mansoni, 764 
Diabetes Mellitus: See also Blood sugar 
atheroma and coronary thrombosis in young 
diabetic, 434 
congenital aplasia of islands of Langerhans 
with diabetes mellitus, 599 
experimental; choline and liver fat, 731 
inheritance, 565 
Diaphragm, anatomical changes in diaphragm 
following phrenicectomy, 884 
myosarcoma, 283 
—— experimental study of heat therapy, 


Diathesis, hemorrhagic; familial hemorrhagic 
condition simulating hemophilia and pur- 
pura hemorrhagica, 565 

Dichlor-difluormethane, isolation from human 
tissues of easily volatile organic liquids and 
their identification, *208 

Dick Reaction: See Scarlet Fever 

Diet, fatty infiltration of liver (‘‘yellow liver’’) 
associated with deficient diets, 247 

relationship between vitamin B and protein, 
fat and carbohydrate of diet, 732 

Diethyl ether, isolation from human tissues of 
easily volatile organic liquids and their 
identification, *208 

Digestive Tract: See Gastro-intestinal Tract; 
Intestines ; Stomach; etc. 

Digitalis, effect on ability of rabbits to pro- 
duce agglutinins, 123 

Di-nitrophenol: See Nitrophenol 

Diphtheria, bacilli; antigenic relation of gravis 
strains as compared with Park 8 strain, 749 

— cultural and toxigenic characteristics, 


bacilli; relationship of morphology of diph- 
theria bacillus to its virulence, 581 
Corynebacterium diphtheriae, types of, 583 
Corynebacterium ovis, Corynebacterium diph- 
theriae and certain diphtheroid strains, 583 
duration of passive immunity, 262 
effect of vitamins and of ultraviolet rays on 
diphtheritic immunity of guinea-pigs, 124 
influence of testicular extract on absorption 
of diphtheria antitoxin, 262 
Paralysis Following: See Paralysis, diph- 
theritic 
Schick and Dick reactions and nasopharyn- 
geal bacterial flora of Njenzen on Kolgujew 
Island, 263 
toxin, toxon of, 122 
Dixon, H. M.: Absence of chemotropism in 
lymphocytes, *679 
Dolgopol, V..B.: Histology of Paget’s disease 
of bone, 271 
Meningo-encephalitis caused by cysticercus 
cellulosae, 601 
Dragstedt, L. R.: Study of bacteria from iso- 
lated colon in 3 cases of ulcerative colitis 
by means of cultures and monkey inocula- 
tions, 908 
Ductus arteriosus, patent, with aneurysm of 
pulmonary artery, 248 
Duodenum, compensatory hypertrophy of re- 
maining kidney after nephrectomy follow- 
ing transplantation of ureter into duode- 
num, * 
toregatien of common duct into duodenum, 


stenosis resulting from malformation of hilus 
of liver, 102 
Dura mater, focal calcification of brain and 
dura of hydrocephalic idiot child, *47 
ossification and calcification, 101 
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Dyes: See also Stains and Staining 
destruction of vaccinia virus by light energy 
and dyes, 433 
Dysentery, Amebic: See Amebiasis 
antigen found in Shiga bacillus and in human 
erythrocytes, *873 
bacillus, blood antigens of Shiga dysentery 
bacillus, 125 
experimental, 239 
in Denmark, 742 
small colony variants or G forms of Eber- 
thella dysenteriae Sonne, 256 


Eberthella Dysenteriae Sonne: See under 
Dysentery 

Echinococcosis of brain, 741 

Eckert, C. T.: Scarlet red as possible carci- 
nogenic agent; experimental study, *83 

Eclampsia, relation of increased intra-abdominal 
pressure to liver lesions of, 566 

a cortical lipoid of suprarenal in mice 
n, 

cultivation of virus of infectious ectromelia, 

893 


Edmondson, H. A.: Carcinoma of stomach with 
skeletal and meningeal metastases asso- 
ciated with thrombocytopenic purpura, 757 

Elastosis, juvenile, 570 

Electricity, high frequency currents for biopsies, 
598 


Ella Sachs Plotz Foundation, 426 
Embolism, air, 730 
fat, of lungs, 571 
pulmonary, and thrombosis, 569 
Encephalitis : See also Encephalomyelitis ; 
Meningo-Encephalitis 
changes produced in central nervous system 
of mouse by virus of St. Louis encepha- 
litis, 888 
epidemic, cellular inclusions in cerebral le- 
sions of, 245 
etiology of 1933 epidemic, 576 
experimental epizootic fox encephalitis in 
dogs, 250 
immunity to St. Louis type, 749 
nonsuppurative forms, *213 
St. Louis type, 576 
size of virus of poliomyelitis and of St. Louis 
encephalitis, 893 
transmission of St. Louis and Kansas City 
‘encephalitis to mice, 889 
Encephalocele: See Brain, hernia 
Encephalomyelitis: See also Meningo-Encepha- 
litis 


cross-immunity between virus of Borna dis- 
ease and that of equine encephalomyelitis, 
260 
equine, histology of, 113 
equine, immunization of guinea-pigs to virus 
of, 261 
Endocarditis, tuberculous, *611 
Endocrine Glands, relationship to malignant tu- 
mors, 590 
Endometrium, aberrant; endometriosis, 103 
aberrant; experimental endometriosis, 99 
endometriosis especially regarding localisa- 
tion in abdominal wall (laparotomy scars). 
with study of experimental transplantation 
of endometrium, 573 
Endophlebitis: See Phlebitis 
Endothelioma, lymphomatosis, and myelomatosis 
of chickens caused by filtrable agent, 754 
Endothelium: See Reticulo-Endothelial System 
Engle. . L.: Renal adenosarcoma in white rat, 
*68 


Enteritis: See Amebiasis; Dysentery 
Enzymes: See also under names of enzymes, as 
Amylase; etc. 
tumors, action on elastic tissue, 


Pancreatic: See Pancreas, secretion 
proteolytic and deaminizing enzymes of Clos- 
tridium sporogenes and Clostridium histo- 
lyticum, 256 
Eosinophil, eosinophilic leukemia with spleno- 
megaly, 910 
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Eosinophilia, effects of vaccines and of bac- 
terial and parasitic infections on eosino- 
philia in trichinous animals, 576 

Ependymitis, primary (occlusion of foramina 
of Monro and hydrocephalus of lateral ven- 
tricles), 738 

Ependymoma of filum terminale, 899 

Epithelium, formative relations of epithelium 
and mesenchyme, 110 

Ergosterol, irradiated; effect of viostero} 
(vitamin D) and tuberculin on healing of 
tuberculous lesions in guinea-pigs, 252 

Erythroblastosis: See Hematopoietic System 

Erythrocytes: See also Blood, cells; Hemo- 
globin; Hemolysis; Polycythemia; etc. 

antigen found in Shiga bacillus and in hu- 
man erythrocytes, 873 

antigen present in hemorrhagic septicemia ba- 
cillus and bird erythrocytes, *874 

antigen present in paratyphoid B bacillus and 
in human erythrocytes of group A, *874 

antigen present in pneumococcus and human 
erythrocytes of group A, *874 

antigens of red blood corpuscles, 751 

destruction of red cells, 434 

elongation of red blood cells, 734 

lysins for sheep erythrocytes, *863 

ee: erythropoiesis in tissue culture, 


relation between basophilic invasion of neuro- 
hypophysis and hypertensive disorders, *473 
staining of processes (flagella) of human 
erythrocytes, 740 
tumors and tumor-like conditions of lympho- 
cyte, myelocyte, erythrocyte and reticulum 
cell, 128 
Erythroleukoblastosis: See Hematopoietic Sys- 
tem 
Erythroleukosis : 
System 
Erythrophoroma, red pigmented tumor (erythro- 
phoroma) in flatfish, 128 
Erythropolesis: See Erythrocytes, production 
Esophagus, neurogenic erosions and perforations 
of stomach and esophagus, 567 
rupture, spontaneous, in syphilis, 735 
Estrin: See Hormones, sex 
Fther, medicolegal aspect 
chloroform or ether, 451 
Ethyl chloride, isolation from human tissues 
of easily volatile organic liquids and their 
identification, *208 
Ethylene chloride; isolation from human tissues 
of easily volatile organic liquids and their 
identification, *208 
Evans, N.: Diagnosis of syphilis by staining 
spirochetes in tissue, 906 
Ewing, J.: Modern attitude toward traumatic 
cancer, *690 


See under Hematopoietic 


of deaths with 


Face, cancer; characteristics of, 448° 
facial and meningeal angiomatosis associated 
with calcification of brain cortex, 739 
Fallopian tubes, carcinoma of tubes and ovaries 
—" to carcinoma of body of uterus, 
Fet: See also Lipoids 
effect of choline on liver fat, 240 
Embolism: See Embolism 
in cells of tissue cultures, 570 
relationship between vitamin B and protein, 
fat and carbohydrate of diet, 732 
subcutaneous fat necrosis in new-born, 439 
transformation of adipose tissue in experi- 
mental tuberculosis, 736 
Faust, E. C.: Experimental studies on human 
and primate species of strongyluides; path- 
ology of strongyloides infection, *769 
Fecundity: See also Sterility 
influence of butter fat and peanut butter oil 
on growth and fertility of rats, 101 
Feeblemindedness, congenital hypertrophy of 
muscles, extrapyramidal motor disturbances 
and mental deficiency, 733 
thyroid in mental deficiency, 248 
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Femur, fractures of neck of femur, dislocations 
of hip, and vascular disturbances with 
aseptic necrosis of head of femur, 882 

Fermentations, comparison of  acid-indicator 
and quantitative methods in study of bac- 
terial fermentations, 912 

Fertility: See Fecundity 

Fetus, elastic tissue in skin, 243 

intra-uterine rheumatic heart disease, 243 

peritonitis due to appendicitis, 106 

serologic relationship between fetal blood and 
blood of patients with cancer, 130 

Fibrin, specificity, 263 

Fibro-adenoma; estrin 
breast, 900 

Fibroma of breast, 593 

Filaria volvulus, histopathology of cutaneous 
nodules caused by, 106 

Filters; fractional ultrafiltration, 597 

Filum Terminale: See Spinal Cord 

Fish, experimental color change in, *24 

Fistula, bartonella incidence in splenectomized 
bile fistula dogs, 729 

hemoglobin and bile pigment overproduction 


in fibro-adenoma of 


in splenectomized bile fistula dog, 729 
Fluorescence, bacterial, with ultraviolet light, 
427 


fluorescent microscopy of human tissues, 106 
microscopy, *838 
Fluoride poisoning, changes in teeth and bone 
in, *159 
Food handlers, tuberculosis survey of 2,000 
food handlers in New York City, 253 
poisoning, streptococcus, 890 
Foot, N. C Case of nonlipoid histiocytosis 
with necropsy, 269 
Foot and Mouth Disease ; 
in tissue cultures, 432 
Foramina of Monro: See Brain, pathology 
Fordyce’s disease of labia minora with secon- 
dary lesion, 906 
Formaldehyde, demonstration of group-specific 
substances in organs fixed with solution 
of formaldehyde, 267; correction, 767 
hypersensitiveness, 895 
immunological characteristics of formolized 
serum proteins, 895 
Fowl-Plague; differentiation of viruses of fowl 
plague and Newcastle disease, 
propagation of viruses of fowl plague and 
Newcastle diseases on chorio-allantoic mem- 
brane, 119 
Frambesia, experimental, 253 
Francis, T., Jr.: Localization and development 
of lesion in experimental pneumonia, 760 
Friedman Test: See Pregnancy, diagnosis 
Frontal sinus, osteoma in frontal sinus, 909 
Fungi: See also Monilia; Mycosis; etc. 
human infection caused by yeast-like or- 
ganism of genus Sepedonium, 575 


cultivation of virus 


Gallbladder, calculi; microliths of bile and 
gallstones, 249 
extrahepatic gall ducts in bacterial inflam- 
mation and after injury by pancreatic fer- 
ment, 885 . 
Gallstones: See Gallbladder, calculi 
Ganglioneuroma, multiple, of skin, 594 
Gasserian Ganglion, changes in rheumatic in- 
fection, 104 
Gastric Ulcer: See Peptic Ulcer 
Gastritis: See Stomach, inflammation 
Gastro-Intestinal Tract, histopathology of 
gastro-intestinal lesions of pyocyanic in- 
fection, 435 
lymphogranulomatosis, 435 ‘ 
Gaucher’s Disease: See Anemia, splenic 
Geniculate Body: See Corpus geniculatum 
Gerber, I. E.: Ectopic chorio-epithelioma, 763 
Germicides: See also under names of specific 
germicides 
—— properties of adrenal extracts, 


Geschickter, C. F.: 
nant tumors of bone; 
455 


Symposium on nonmalig- 
pathologic aspects, 
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Gettler, A. 0O.: 
of easily volatile organic liquids and their 
identification, *208 

von Gierke’s Disease: 
and muscle 

Gilman, R. L.: Sebaceous hyperplasia of skin 
including sebaceous adenoma; bearing of 
latter on multiple adenomas of liver, *278 

Glandular Fever: See Mononucleosis 

Glia: See Neuroglia 


See Glycogen, in liver 


Glioma, brain tumor in Virchow-Robin sheaths, 
446 


group, cytology of, 593 
mesenchymal tissue of, 129 
neurofibromatosis and its relation to gliomas 
and hernias of brain, 131 
tissue culture of gliomas, 902 
Glomerulonephritis: See Nephritis, glomerular 
Glutathione in Blood: See Blood, sulphur 
compounds 
Glycogen, in liver and muscle; enlargement of 
heart due to abnormal storage of glycogen 
(von Gierke’s disease), 734 
in liver and muscle; glycogen-storage disease, 
735 
Glycosuria: See Urine, sugar 
Goiter: See also Thyroid 
exophthalmic; cirrhosis of liver 
toxicosis, 435 
exophthalmic ; 
ease, 564 
exophthalmic; latent fibrous osteodystrophy 
in hyperthyroidism, 105 
exophthalmic, pathologic anatomy of liver in, 
570 


in thyro- 


exophthalmos of Graves’ dis- 


experimental: functional, chemical and his- 

tologic studies, *364 

Goldstein, A. J.: Reflection of meteorological 
influences in serum reactions (Wassermann, 
Kahn and others), 913 

Golgi apparatus, cytology of renal convoluted 
tubule, 437 

Gonads: See also Endocrine Glands; Herm- 
aphroditism ; Ovary; Testicle 

Gonococcus, dissociation, 890 

Goodale, R. H.: Persistent truncus arteriosus 
in man aged 36 years, *833 

Gordon, H.: Periappendicitis without appen- 
dicitis; study based on 26,051 appendixes, 
*185 

Granuloblastoma of cerebellum, 595 

Granulocytopenia: See Angina, agranulocytic 

Cranuloma, lipophagic, 435 

lycopodium granuloma, 883 

Grauer, T. P.: Squamous cells carcinoma, leu- 
koplakia and concretions in megalo-ureter, 
912 


Graves’ Disease: See Goiter, exophthalmic 
trowth, biologic effects of thymus extract, 568 
influence of butter fat and peanut butter oil 
on growth and fertility of rats, 101 
Guyer, M. F.: Effects of artificially induced 
lymphopenia in cancer-resistant and cancer- 
susceptible rats, *66 


Hair, melanoma and pigmented moles and rela- 
tion to hair follicles, 593 

Hall, E. M.: Adenolymphoma (orbital inclu- 
sion adenoma) of parotid gland, 756 

—— R. W.: Adenoma of parathyroid, 
56 


Hamperl, H.: Fluorescence microscopy, *838 

Haptens: See Immunity 

Harvard Committee on Research in Dental Medi- 
cine, 98 

Hathaway, B. M.: Generalized dissemination 
of giant cells in lymphoid tissue in pro- 
dromal stage of measles, *819 

histologic changes in brain in, 

5 


unusual fatal stab wounds of head and neck, 
450 


Heart: See also Arrhythmia; Endocarditis ; 


Mitral Valve; etc. 


Isolation from human tissues * 


Heart—Continued 

abnormalities ; patency of so-called ‘‘anatomi- 
cally open but functionally closed’ fora- 
men ovale, 732 

abnormalities; patent ductus arteriosus with 
aneurysm of pulmonary artery, 248 

abnormalities ; persistent truncus arteriosus in 
man aged 36 years, *833 

block, acquired, with Adams-Stokes attacks 
dependent upon persistent ostrium primum, 


block ; ligation of arteries of conduction sys- 
tem; second attempt to produce heart 
block in dogs, *465 

calcification of myocardium following coron- 
ary occlusion, 732 

congenital insufficiency of tricuspid valve, 106 

— tonogenic, of right side of heart, 

disease, intra-uterine rheumatic heart dis- 

ease, 

enlargement due to abnormal storage of 
glycogen (von Gierke’s disease), 734 

hypertrophy; chronic pulmonary arteritis in 
schistosomiasis Mansoni associated with 
hypertrophy of right cardiac ventricle, 764 

lymphangio-endothelioma of heart causing 
complete heart block, 902 

metastatic tumors of, 589 

myocardial changes following experimental 
ligation of coronary artery, 109 

myocardial necrosis due to coronary insuf- 
ficiency, 571 

rhabdomyomatosis in Negro, *372 

Rheumatic Disturbances: See under Rheu- 
matic Fever 

tumor; primary malignant with 
metastases, 129 

vascular communications between coronary 
arteries and chambers of heart, 

Heat, body temperature and tumor growth, 128 
chemical studies of tubercle bacillus, 430 
effects of high environmental temperature on 

hematopoietic system, 108 
effects of high environmental temperature on 
peripheral blood picture, 108 
Height and weight of tuberculous children, 434 
Heinz, T. E.: Study of bacteria from isolated 
colon in 3 cases of ulcerative colitis by 
aaee of cultures and monkey inoculations, 


Hellwig, C. A.: Experimental goiter; func- 
chemical and histologic studies, 
6 


myxoma 


Hemagglutination: See Agglutination 
Hemangioblastomas, multiple, of spinal cord 
with syringomyelia (Lindau’s disease), 264 
Hematopoietic System; complement-fixing anti- 
bodies in chicken leukosis or erythroblas- 
tosis, 121 
— of high environmental temperature on, 


Hemoglobin: See also Anemia; Blood; Eryth- 
rocytes ; Hemoglobinuria; Hemolysis 
and bile pigment overproduction in splenec- 
tomized bile fistula dog, 729 
changes in tissue cultures, 111 
destructive action of blood serum on, 111 
experimental siderosis; iron-containing pig- 
ment in absence of breakdown of hemo- 
globin, *61 
regeneration and bile pigment, 239 
Hemoglobinuria and uremia from quinine in 
pregnant woman, 452 
Hemolysin, bacterial, 750 
— of rat-bile hemolysin and reagin, 


staphylolysin studies, 264 
Hemolysis, colloid state and irradiation, 112 
inhibition of normal hemolysis in typical 
hemolytic syste\ns, 124 
between ‘einolysis and blood groups, 


Hemophilia, familial 
simulating, 565 


hemorrhagic condition 
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Hemorrhage, eruption of mouth and throat in 
rheumatic state, 241 
extravasation into cervical lymph nodes in 
deaths from various causes, 267 
Hemosiderin: See Cytosiderin 
Henry Test: See Malaria, diagnosis 
Hepatitis: See under Liver 
Hermaphroditism, peculiar case of intersex in 
man, 109 
true, case of, 436 
Hernia, mesentericoparietal, 740 
Herpes, immunity in man, 899 
role of leukocytes in immunity to, 260 
— chickenpox, complement fixation 
zoster, elementary bodies of zoster and their 
serological relationship to those of vari- 
cella, 750 
High frequency electric fields and roentgen 
rays; effects on compensatory hypertrophy 
of kidney, *502 
Hip, fractures of neck of femur, dislocations of 
hip, and vascular disturbances with aseptic 
necrosis of head of femur, 82 
Hirsch, E. F.: Generalized osteosclerosis with 


chronic polycythemia vera, *91 
Histamine shock, drop of titer of complement 


n, 124 
Histiocytosis: See under Reticulo-Endothelial 


See Niemann’s Disease 
Hodgkin’s Disease: See Lymphogranuloma 
Hog-Cholera, cultivation of swine pest virus in 
tissue cultures, 432 
Hormones: See also Endocrine Glands; 
under names of glands 
sex; diagnosis of choriocarcinoma by deter- 
gonadotropic substance urine, 
sex; effects of estrin applied to skin of mice, 


and 


sex; estrin in fibro-adenoma of breast, 900 
sex; site of formation of gonadotropic sub- 
stance in urine in pregnancy, 732 
Hoverson, E. T.: Reflection of meteorological 
influences in serum reactions (Wassermann, 
Kahn and others), 913 
Hubbard, R. S.: Glycosuria of pregnant and 
lactating women, 453 
Hueper, W. C.: Rhabdomyomatosis of heart in 
Negro, *372 
Hydatid Cyst: See Echinococcosis 
Hydrocarbons, action of some polycyclic aro- 
matic hydrocarbons in producing tumors of 
connective tissue, 753 
Hydrocephalus, focal calcification of brain and 
dura of hydrocephalic idiot child, *47 
primary ependymitis (occlusion of foramina 
of Monro and hydrocephalus of lateral ven- 
tricles), 738 
Hydrophobia: See Rabies 
Hyperinsulinism: See under Pancreas 
Hyperparathyroidism: See under Parathyroid 
Hypersensitiveness: See Anaphylaxis and Al- 
lergy 
Hypertension : 
Hyperthyroidism : 
Thyroid 
Hypervitaminosis: See Vitamins 
Hypoglycemia: See Blood sugar 
Hypophyseal Duct: See Craniopharyngeal 
Canal 
Hy pophysis : 


See Blood pressure, high 
See Goiter, exophthalmic ; 


See Pituitary Body 


Icterus: See Jaundice 
Idiocy, amaurotic; phosphatide content of brain 
in Niemann-Pick disease and in infantile 
amaurotic idiocy, 250 
amaurotic; structural changes in Swedish 
cases of juvenile amaurotic idiocy, 574 
focal calcification of brain and dura mater 
of hydrocephalic idiot child, *47 
Tleus: See Intestines, obstruction 
Immunity: See also Anaphylaxis and Allergy: 
Antigen and Antibodies; Blood, groups; etc. 
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Immunity—Continued 


action of bacterial filtrates on endothelium, 


and blood groups, 263 
chemo-immunological studies on conjugated 
carbohydrate-proteins, 894 
immunization of upper respiratory tract, 536 
immunization with adsorbed haptens without 
protein, 121 
immunizing substances in pneumococci, 589 
immunologic reactions in mollusks, 444 
maternal transmission of vaccinial immunity 
in swine, 587 
structure of antigen and production of anti- 
bodies during combined immunization with 
alcohol-soluble haptens, 898 
technic of immunization according to Fried- 
berger and Oshikawa, 123 
Immunology, heterophile phenomena in 
munology, *84I 
Industrial Diseases, early diagnosis of metal 
poisoning by micro-chemical blood examina- 
tions, 441 
institutional and occupational undulant fever 
in Colorado, 579 
survey of workers in packing plants for evi- 
dence of Brucella infection, 580 
new-born, intracranial hemorrhage of, 


im- 


subcutaneous fat necrosis in new-born, 439 
Infection, air-borne (viability of droplet nuclei 
infection), 575 
Inflammation, local, influence on tetanus and 
other processes, 428 
Influenza bacilli, virulence of, 741 
in swine, 254 
Ingleby, H.: Etiology of benign tumors, *303 
Internal Secretions: See Endocrine Glands 
Intestines: See also Duodenum; Gastro-Intes- 
tinal Tract; Rectum; Sigmoid 
bacterial activity in different levels and in 
isolated segments of intestine, 117 
diverticula; Meckel’s diverticulum containing 
aberrant pancreas, 245 
diverticula ; Meckel’s = diverticulum 
adenoma and intestinal bleeding, 246 
diverticula ; peptic ulcer of Meckel’s diverticu- 
lum, 741 
heterotopic intestinal mucosa in stomach, 884 
infections; portal of entry of bacteria and 
production of intestinal infection, 582 
obstruction; experimental chronic intestinal 
obstruction from blind loops, 730 
resection; changes following extensive resec- 
tion of small intestine, 106 
streptococci; cultural and agglutinative re- 
lationships of intestinal streptococci, 890 
Intoxication: See Toxemia 
Intranuclear Inclusions: See Cells 
Iodine, cholesterol-induced atherosclerosis; pre- 
vention in rabbits by feeding of organic 
lodine compounds, *530 
Ions, local effects on tissues and on their sus- 
ceptibility to virus, 744 
Iron-containing pigment, experimental produc- 
tion (experimental siderosis), *53 
iron-containing pigment in absence of break- 
down of hemoglobin and _ experimental 
siderosis, *61 
metabolism of copper and iron in splenec- 
tomized rats free from Bartonella muris in- 
fection, 568 
Irradiation: See Radiation 
Islands of Langerhans: See under Pancreas 
Iso-Agglutination: See Agglutination; Blood, 
groups 
Iso-Agglutinins : 
groups 


with 


See under Agglutinins; Blood, 


Jacobson, S. A.: Osteoplastic tumor of obscure 
origin and relationship, 602 

Jaffé, R. H.: Histologic studies on spleen in 
cases of leukemia, *647 

Jaundice, spirochetal; pathologic anatomy of 
Weil’s disease, 887 
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Javert, C. T.: Hemoglobinuria and uremia from 
quinine in pregnant woman, 452 
Joints, ankylosed, adaptive changes in cartilage 
and bone of, 104 
local effects of intra-articular injection of 
lactic acid in sensitized rabbits, 120 
Jurisprudence, medical, graduate study in 
forensic medicine, 233 
study of signs of vital reaction, 596 


Kahn Test: See also under Syphilis 
effect of meteorological influences on, 913 
Kane, A. P.: Influence of dinitrophenol on 
carbohydrate metabolism, 601 
Kennedy, P. J.: Acute monocytic leukemia, 275 
Ketonuria: See Urine, ketone bodies 
Kidneys: See also Urinary tract 
action of filtrable staphylococcal toxin on 
kidneys of rabbits, 259 
adenosarcoma in white rat, *687 
changes following biliary obstruction, decom- 
pression and operation on biliary tract, 


changes in biliary stasis and decompression 
in cats, *807 

changes in rheumatism, 103 

compensatory hypertrophy of remaining kidney 
after nephrectomy following transplantation 
of ureter into duodenum, *28 

cystic; relationship of polycystic pancreas to 
polycystic kidney and liver and to anomalies 
of nervous system, 108 

cytology of renal convoluted tubule, 437 

effect of parathyroid extract on kidney and 
blood in man, 568 

effect of resection of large fractions of renal 
substance, experimental study, *174 

effect of Staphylococcus aureus toxin on 
kidney, 889 

Glomerulonephritis: See Nephritis, glomerular 

high frequency electric fields and roentgen 
rays; effects on compensatory hypertrophy 
of kidney, *502 

hypertrophy; experiments on compensatory 
renal hypertrophy, *341 

inclusions in renal epithelial cells following 
use of bismuth preparations, 735 

neoplastic disease of kidney of frog, Rana 
pipiens, 590 

tumors; renal neoplasms in childhood, 903 

King, L. S.: Vital staining of microglia, *656 
Kirshbaum, J. D.: Myosarcoma of diaphragm, 

283 


Kolmer, J. A.: Vaccination against experi- 
mental pneumococcic infections, 760 
Kyes, P.: Theobald Smith, 234 


Labia Minora: See Vulva 

Lacrimal Organs, pathologic histology of tear- 
glands as related to age and general bodily 
conditions, 885 

Lactation, disorders; pleuropneumonia 
agalactia colony, 583 

glycosuria of pregnant and lactating women, 

453 


and 


Laidlaw, G. F.: Pigmented mole as tactile 
organ; its place in evolution of hair 
follicles, 273 
Laryngotracheitis: See under Respiratory Tract 
Larynx, propagation of virus of infectious 
laryngo-tracheitis on chorio-allantoic mem- 
brane, 119 
Lasher, E. P., Jr.: Chronic glomerulonephritis 
with hyperplasia of parathyroid glands and 
cystic fibrous osteitis, 761 
Latrodectus Mactans: See Spider 
Lens, crystalline; organ specificity, 445 
Leprosy, acid-fast organism from leprous lesion 
in tissue cultures and other mediums, 118 
Leukemia, acute hemohistioblastic, 276 
acute monocytic, 275 
brain changes in, 738 
chronic lymphatic, with pneumococcic menin- 
gitis and “‘pyemia,” 274 
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Leukemia—Continued 

complement-fixing antibodies in chicken leu- 
kosis or erythroblastosis, 121 

diagnostic importance of heterophile antibody 
test in, 587 

eosinophilic leukemia with splenomegaly, 910 

experimental studies, 277 

histologic studies on spleen in, *647 

leukemoid blood with induced abortion, 911 

vas lymphadenosis of bone marrow, 


metabolic effects of host constitution in mouse 
leukemia, 569 

myelogenous, aleukemic myelosis, 243 

variations in pathologic manifestations, 276 

Leukocytes: See also Lymphocytes; Mono- 

nucleosis 

are capillaries formed in tissue cultures of 
leukocytes? 1 

bactericidal properties of leukocytes and 
oe in presence of normal serum, 


intoxications and megamononucleosis, 


oxidase reaction in monocytes of rabbits, 100 
réle in immunity to herpes, 260 
tumors and tumor-like conditions of lympho- 
cyte, myelocyte, erythrocyte and reticulum 
cell, 128 
Leukoplakia, squamous cell carcinoma, leuko- 
es and concretions in megalo-ureter, 


Leukosis: See Leukemia 
Levin, P. M.: Proliferative endophlebitis, 910 
Lewis, R. W.: Symposium on nonmalignant 


tumors of bone; roentgenologic aspects, 456 
Lichen ruber planus and centrocytes of Lip- 
schiitz, 439 
Ligation of common bile duct 


Renal changes following biliary obstruction, 
decompression and operation on biliary 
tract, *636 

ne D.: Lipoid histiocytosis in parrot, 


Renal adenosarcoma in white rat, *687 
Lipemia: See Blood, fats and lipoids 
Lipoid-Histiocytosis: See Niemann’s Disease 
Lipoids: See also under Cholesterol: Fat; etc. 

action in experimental tuberculosis, 429 

chemical studies of tubercle bacillus, 430 

cortical lipoid of suprarenal in mice, 883 

deposition in tendons, 107 

development of precipitins for protein, lipoid 

and carbohydrate fractions of S and R 
forms of tubercle bacilli, 896 

excretion by lungs, 572 

lipoid pneumonia, 135 
Liposarcoma, 594 
Lipschiitz’s Cells: See Cells, 
Liver: See also Biliary Tract 

arteriosclerosis, 437 

or and vitamin A content in man, 


inclusion 


cirrhosis, histologic changes in radicles of 
portal vein in, 107 

cirrhosis in thyrotoxicosis, 435 

duodenal stenosis resulting from malformation 
of hilus of liver, 102 

fat and choline, 240, 731 

fatty infiltration (‘yellow liver’’) 
with deficient diets, 247 

hepatolienal fibrosis, 884 

irreversible character of late changes after 
hepatectomy, 569 

lymphocytic infiltration of periportal tissue of 
liver, 105 

morphologic and functional changes asso- 
ciated with reestablishment of bile flow in 
cats with experimental obstruction of com- 
mon duct, 759 

—— anatomy in exophthalmic goiter, 


associated 


relation of increased intra-abdominal pressure 
to liver lesions of eclampsia, 566 
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Liver—Continued 
relationship of polycystic pancreas to poly- 
cystic kidney and liver and to anomalies of 
nervous system, 108 
reticulum in tubercles in human liver, 434 
sebaceous hyperplasia of skin including seba- 
ceous adenoma; bearing of the latter on 
multiple adenomas of liver, 278 
tar cancer in mice maintained on diets sup- 
plemented with liver, 904 
tuberculosis of stomach and liver, 
form, 743 
Loosli, C. G.: Rabbit lung after phrenicotomy 
and pneumothorax, 281 
Louping Ill: See Thorter-ill 
Luey, A. 8.: Plastic studies in abnormal renal 
architecture; aglomerular nephrons of ter- 
minal hemorrhagic Bright’s disease, *1 
Lund, H.: Incidence of malignant tumors at 
Philadelphia General Hospital from 1867 to 
1933 with reference to primary carcinoma 
of lung, 279 
Lungs, cancer; incidence of malignant tumors 


unusual 


at Philadelphia General Hospital from 1867 
to 1933 with reference to primary carci- 
noma of lung, 279 

ae so-called alveolar cell cancer of lung, 


collapse ; endobronchial occlusion, 730 
detection of coal tar and its derivatives in 
lung, 447 
excretion of lipoids by, 572 
fat embolism, 571 
in exfoliative dermatitis, 246 
injuries, pathologic anatomy of, 572 
lesions following stenosing cancer of main 
bronchi, 446 
lesions induced by intravenous injection of 
tar, *287 
mechanical production of cavities in isolated 
lungs, *825 
mixed infection in walls of tuberculous cavi- 
ties in lungs, 744 
mixed tumors, origin, 129 
rabbit lung after phrenicotomy and pneumo- 
thorax, 281 
rabies virus in, 742 
syphilis, tertiary, 103 
Tuberculosis: See Tuberculosis, pulmonary 
Lycopodium granuloma, 883 
Lymph Nodes: See also Lymphogranuloma 
experimental syphilis in guinea-pig, 429 
hemorrhagic extravasation into cervical lymph 
nodes in deaths from various causes, 267 
Hodgkin's disease with reference to differen- 
tiation from other diseases of lymph nodes, 
*139 
Lymphadenosis: See Leukemia, lymphatic 
Lymphangio-endothelioma of heart causing com- 
plete heart block, 902 
Lymphatic system, participation of skin lym- 
phatics in repair of lesions due to incisions 
and burns, 569 
Lymphatism, status lymphaticus, 450 
Lymphocytes: See also Leukemia; Leukocytes 
absence of chemotropism in, *679 
monocyte-lymphocyte ratio in tuberculous 
guinea-pig, 428 
tumors and tumor-like conditions of lympho- 
cyte, myelocyte, erythrocyte and reticulum 
cell, 128 
Lympho-epithelioma of nasopharynx and _ ton- 
sils, 265 
Lymphogranuloma: See also Granuloma 
changes in bone in, 882 
five-year survival in Hodgkin’s disease, 564 
gastro-intestinal lymphogranulomatosis, 435 
Hodgkin’s disease with reference to differen- 
=" from other diseases of lymph nodes, 
*13 
inguinale in its relation to stricture of rec- 
tum, *331 
Lymphoid tissue; generalized dissemination of 
giant cells in lymphoid tissue in prodromal 
stage of measles, *819 
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Lymphoma; lymphomatosis, myelomatosis and 
endothelioma of chickens caused by filter- 
able agent, 754 

Lymphopenia, effects of artificially induced 
lymphopenia in cancer-resistant and cancer- 
susceptible rats, *66 

Lymphosarcoma in bone, 900 

Lysins for sheep erythrocytes, *863 


McCutcheon, M.: Absence of chemotropism in 
lymphocytes, *679 
Macomber, W. B.: Tumor metastasis; ovarian 
metastasis of carcinoma, *75 ¥ 
Mad Itch: See Pseudorabies 
Malaria, diagnosis; flocculation 
Henry, 123 
pathologic histology of brain in malaria, 886 
therapeutic, and blood groups, 268 
Malformations: See Abnormalities 
Malta Fever: See Undulant fever 
Mann, F. C.: Compensatory hypertrophy of re- 
maining kidney after nephrectomy following 
oe of ureter into duodenum, 


reaction of 


Effect of resection of large fractions of renal 
substance, *174 
Experiments on compensatory renal hyper- 
trophy, *341 
Mast Cells: See Tissue, connective 
Mathews, R. W.: Chronic lymphatic leukemia 
with pneumococcic meningitis and ‘“‘py- 
emia,” 274 
Measles, generalized dissemination of giant 
cells in lymphoid tissue in prodromal stage 
of measles, *819 
Meckel’s Diverticulum: 
ticula 
ee extragenital chorionepithelioma in 
male, 
Medium: See under names of bacteria, i. e., 
Tubercle Bacilli; etc. 
Medulloblastoma (granuloblastoma) 
bellum, 595 
Medullomyoblastoma, new form of medulloblas- 
toma—medullomyoblastoma, 446 
Megakaryocytes: See Cells, giant 
Megalo-Ureter: See Ureter, dilatation 
Megamononucleosis: See Leukocytes, count 
Meinicke Reaction: See Syphilis; Tuberculosis 
Melanoma and pigmented moles, 593 
metastasis before recognition of 
growth, 591 
of skin with unusual metastasis, 278 
Melanosis of colon due to bismuth, 571 
Meninges: See also Dura mater; Pia mater 
hemorrhage ; so-called spontaneous subarach- 
noid hemorrhage, 451 
hemorrhage ; subdural hemorrhages, 451 
hemorrhage, traumatic intracranial hemor- 
rhages, 450 
spinal, lacunar meningoblastoma of, 446 
Meningitis, chronic lymphatic leukemia with 
pneumococcic meningitis and “‘pyemia,”’ 274 
—— of rabbits via subarachnoid route, 


See Intestines, diver- 


of cere- 


primary 


meningococcus, carrier problem in, 113 
tuberculous, tryptophan test in, 449 
lacunar, of spinal meninges, 
Meningo-Encephalitis: See also Encephalitis: 
Meningitis 
caused by cysticercus cellulosae, 601 
Menkin, V.: Experimental siderosis, *53 
Experimental siderosis; iron-containing pig- 
ment in absence of breakdown of hemo- 
globin, *61 
Menninger, W. C.: Juvenile dementia para- 
yl gross and microscopic pathology, 
Mental Deficiency: See Feeblemindedness 
Mental Diseases; reticulo-endothelial tissue of 
brain in senile psychoses, 104 
Mesenchyme: See Mesoderm and Mesodermal 
Tissues 


id 
pet 


Mesoderm and Mesodermal Tissues, formative 
of epithelium and mesenchyme, 
mesenchymal tissue of glioma, 129 
Metabolism, anaphylactic metabolic reaction of 
isolated tissues, 752 
metal poisoning; early diagnosis of indus- 
trial diseases (metal poisoning) by micro- 
chemical blood examinations, 441 
Meteorology; reflection of meteorological in- 
fluences in serum reactions (Wassermann, 
Kahn and others), 913 
Microglia: See under Neuroglia 
Micro-incineration studies of tar tumors of 
rodents, 905 
Micromotion picture of bacterial growth 
multiplication, 255 
Microscopy, fluorescence microscopy, *838 
fluorescent, of human tissues, 106 
Midelfart, P. A. H.: Congenital aplasia of 
islands of Langerhans with diabetes mel- 
litus, 599 
Mitochondria: See under Cells 
Mitral Valve; sudden death from obstruction of 
mitral orifice by auricular thrombus, 574 
Mohs, F. E.: Effects of artificially induced 
lymphopenia in cancer-resistant and can- 
cer-susceptible rats, *66 
Moles: See Nevi 
Mollusks, immunologic reactions in, 444 
Monilia, differentiation of various strains by 
cultural methods, 255 
genus, 427 
Monocytes: See Leukocytes 
Mononucleosis, infectious, antibodies for Forss- 
man’s antigen in, *870 ' 
infectious, antibody responses in, 587 
—_— serologic test for glandular fever, 


and 


Monsters: See also Abnormalities 
anencephalic monster with ‘“‘rhinodymie’”’ and 

other anomalies, 605 

Montanus, J. J.: Fordyce’s disease of labia 
minora with secondary lesion, 906 

Moolten, 8S. E.: Mechanical production of cav- 
ities in isolated lungs, *825 

Moore, R. A.: Congenital aplasia of islands 
of Langerhans with diabetes mellitus, 599 


Mooser bodies and rickettsiae in Mexican 
typhus, 431 

Morgan, D. R.: Renal changes in biliary stasis 
and decompression in cats, *807 


Morphine, experimental acute morphine gas- 
tritis, 100 

Mosaic, chemical nature of tobacco mosaic 
virus, 607 


Mcuth, hemorrhagic eruption of mouth and 
throat in rheumatic state, 241 

Milller’s Reaction; Miller ‘ball’ phenomenon, 
753 


Mumps: See Parotitis 

Murry, M. R.: Pigmented mole as tactile or- 
gan; its place in evolution of hair follicles, 
273 


Muscles, congenital hypertrophy of muscles, ex- 
trapyramidal motor disturbances and men- 
tal deficiency, 733 
myoblastoma of striated muscle, 590 
regeneration of skeletal muscle in young rab- 
bits, 248 
Mycosis, aneurysm of pulmonary artery of my- 
cotic origin, 437 
Myelocytes: See under Leukocytes 
Myeloma; lymphomatosis, myelomatosis and 
endothelioma of chickens caused by filter- 
able agent, 754 


Myelopoiesis: See Bones, marrow 
Myelosis, Aleukemic: See under Leukemia, 
myelogenous 


Myoblastoma of striated muscle, 590 
Myocardium: See under Heart 

Myosarcoma of diaphragm, 283 

Myxoma, primary malignant myxoma of heart 
with metastases, 129 
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Nasopharynx, lympho-epithelioma of naso- 
pharynx and tonsils, 265 
Schick and Dick reactions and nasopharyn- 
geal bacterial flora of Njanzen on Kolgujew 
Island, 263 
National Research Council, fellowships in medi- 
cine, 563 
grants, 426 
Neck, unusual fatal stab wounds of head and 
neck, 450 
Negri Bodies: See Rabies 
Negro, rhabdomyomatosis of heart in, *372 
Neiman, B. H.: Inguinal lymphogranuloma in 
its relation to stricture of rectum, *331 
Nephrectomy: See under Kidneys 
Nephritis: See also under Kidneys 
glomerular changes in, 739 
glomerular; chronic glomerulonephritis with 
hyperplasia of parathyroid glands and cys- 
tic fibrous osteitis, 761 
glomerular; disappearance of glomeruli in 
chronic renal disease, 735 
lesions in vascular system in fatal cases of 
chronic nephritis toxemia of pregnancy, 882 
plastic studies in abnormal renal architec- 
ture; aglomerular nephrons of terminal 
hemorrhagic Bright’s disease, *1 
Nephrons, plastic studies in abnormal renal 
architecture; aglomerular nephrons of ter- 
minal hemorrhagic Bright’s disease, *1 
Nephrosclerosis: See Arteriosclerosis, renal 
Nephrosis: See under Kidneys 
Nerves, Cells: See Neurons 
involvement of fifth and tenth cranial nerves 
in fusospirochetal infections and in carci- 


noma, 435 

peripheral, participation in allergic tissue re- 
actions, 

phrenic; anatomical changes in diaphragm 


following phrenicectomy, 884 

phrenic; rabbit lung after phrenicotomy and 
pneumothorax, 281 

Nervous System: See also Brain; Cerebellum ; 

Nerves; Spinal Cord; etc. 

anomalies; relationship of polycystic pancreas 
to polycystic kidney and liver and to anom- 
alies of nervous system, 108 

changes produced in central nervous system 
of mouse by virus of St. Louis encepha- 
litis, 888 

distribution of brain antigen in, 121 

neurofibromatosis of sympathetic nerves, spinal 
cord, brain and hypophysis, 129 

neurogenic tumors of sympathetic system in 
ehildren, 265 

organ specificity of autonomous nervous sys- 


pathology in juvenile dementia paralytica, 
*316 


serologic differentiation between gray and 
white matter of, 
Syphilis: See Syphilis 
Tumors: See also under names of tumors, 
i. e., Ganglioneuroma; Glioma; etc. 
tumors, registry of, 98 
Neurofibromatosis and its relation to gliomas 
and hernias of brain, 131 
of sympathetic nerves, spinal cord, brain and 
hypophysis, 129 
Neuroglia, vital staining of microglia, *656 
Neurohypophysis: See Pituitary Body 
Neurons; alterations in mineral constituents of 
anterior horn cells in experimental polio- 
myelitis, 736 
Neurosyphilis: See under Syphilis 
Neustaedter, M.: Meningo-encephalitis caused 
by cysticercus cellulosae, 601 
Nevi; melanoma and pigmented moles, 593 
pigmented mole as tactile organ; its place 
in evolution of hair follicles, 273 
New-Born: See under Infants 
Newcastle Disease: See Fowl Plague 
Niemann’s Disease ; lipoid histiocytosis 
phosphatide content of brain in Niemann- 
Pick disease and in infantile amaurotic 
idiocy, 250 
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Nitrophenol, influence of dinitrophenol on car- 
bohydrate metabolism, 601 
Nose, anencephalic monster with ‘“‘rhinodymie”’ 
and other anomalies, 605 
carcinoma and rhinoscleroma, 129 
polyps, 103 
Nucleins, nucleic acid content of thymus, 440 
——— Pulposus: See Spine, intervertebral 
8 


Obesity, persistent adiposity in cancer, 131 
“Oprtuary: 
Smith, Theobald, 234 


Olcott, C. T.: Case of nonlipoid histiocytosis 
with necropsy, 269 

Oliver, J.: Plastic studies in abnormal renal 
architecture; aglomerular nephrons of ter- 
minal hemerrhagic Bright’s disease, *1 

Omentum, inflammatory reaction in, 573 

Organ Extracts: See also Endocrine Glands ; 
and under names of glands, organs; etc. 

— of lipoids in experimental tuberculosis, 

29 


Organs, factor increasing tissue permeability in 
organs otner than testicle, 569 
Oscillometry: See Blood pressure 
Osteitis, chronic glomerulonephritis with hyper- 
plasia of parathyroid glands and cystic 
fibrous osteitis, 761 
deformans; histology of Paget's disease of 
bone, 271 
fibrosa, experimental, in rats, 100 
fibrosa, latent fibrous osteodystrophy in hy- 
perthyroidism, 105 
Osteoblastoma: See Bones, sarcoma 
Osteodystrophy: See Osteitis fibrosa 
Osteogenesis: See Bones, growth 
Osteoma in frontal sinus, 909 
Osteomalacia, 738 
Osteopetrosis: See Osteosclerosis fragilis 
Osteosclerosis fragilis; osteopetrosis (marble 
bones) in infant, 733 
oe. with chronic polycythemia vera, 


Ovary, arrhenoblastoma of ovary, 907 

arrhenoblastoma of ovary (adenoma tubulare 
testiculare) ; report of case, 2 

carcinoma of tubes and ovaries secondary to 
carcinoma of body of uterus, 594 

granulosa cell ovarian tumors and precocious 
puberty, 592 

tumor metastasis; ovarian metastasis of car- 
cinoma, *75 

a nature of virilizing ovarian tumors, 
48 


Oxydase and Peroxydase Reaction; oxidase re- 
action in monocytes of rabbits, 100 


Page, I. H.: Cholesterol-induced atherosclero- 
sis; prevention in rabbits by feeding of 
organic iodine compound, *530 

Paget’s Disease of Bone: See Osteitis defor- 
mans 

hee aberrant, in Meckel’s diverticulum, 

congenital aplasia of islands of Langerhans 
with diabetes mellitus, 599 

necrosis, pathogenesis of, 99 

polycystic, relationship to polycystic kidney 
and liver and to anomalies of nervous sys- 
tem, 108 

sarcoma, 446 

secretion ; extrahepatic gall ducts in bacterial 
inflammation and after injury by pan- 
creatic ferment, 885 

subtotal resection for hypoglycemia, 239 

tumors of islet tissue with hyperinsulinism in 
dog, *537 

— experimental, blood amylase in, 
44 

Pannus: See Trachoma 

Paralysis: See also Poliomyelitis 

diphtheritic, experimental, 429 
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Paralysis— Continued 
general, blood groups 
laria, 268 
general; juvenile dementia fom gross 
and microscopic pathology, *316 
Infectious Bulbar: See Pseudorabies 
Parasites and tumor growth, 445 
Parathyroid, adenoma of, 756 
chronic glomerulonephritis with hyperplasia 
of parathyroid glands and cystic fibrous 
osteitis, 761 
disease, urinary calculi associated with, 249 
a effect on kidney and blood in man, 


and therapeutic ma- 


hyperparathyroidism due to diffuse parathy- 
roid hyperplasia, 567 
Paratyphoid B, antigen present in paratyphoid 
B bacillus and in human erythrocytes of 
group A, *874 
B in western Norway, 580 
Parotid gland, adenolymphoma (orbital inclu- 
sion adenoma) of parotid, 756 
Parotitis, etiology of mumps, 888 
Parovarium: See Broad ligament 
Parrot, lipid histiocytosis in, *839 
Paternity: See also Blood, groups 
— medicolegal aspects of iso-agglutinins, 


Peanut, influence of butter fat and peanut but- 
ter oil on growth and fertility of rats, 101 
Peptic Ulcer; changes in nervous apparatus of 
stomach in chronic gastric ulcer, 887 
external trauma in relation to ulcer of stom- 
ach and duodenum, 737 
of Meckel’s diverticulum, 741 
traumatic, 450 

Peptides, serological specificity of, 259 

Periappendicitis: See Adhesions, abdominal 

Pericardium, experimental production of tendi- 
nous paths of pericardium, 731 

Peritoneum: See also Omentum 

ascaris lumbricoides in peritoneal cavity, 883 
intraperitoneal injection of rabies virus, 430 

Peritonitis, fetal, due to appendicitis, 10€ 

Perla, D.: Infection with Trypanosoma equiper- 
dum, *505 

Perlstein, M. O.: Inguinal lymphogranuloma in 
its relation to stricture of rectum, *331 

Pertussis: See Whooping Cough 

Petersen, W. F.: Reflection of meteorological 
influences in serum reactions (Wassermann, 
Kahn and others), 913 

Phemister, D. B.: Fate of detached articular 
cartilage, 606 

Phiebitis; proliferative endophlebitis, 910 

Phosphatide content of brain in Niemann-Pick’'s 
—— and in infantile amaurotic idiocy, 

Photography, stereoscopic, of pathologic speci- 
mens, *684 

Phrenicectomy: See Nerves, phrenic 

Pia mater, facial and meningeal angioma asso- 
ciated with calcification of brain cortex, 739 

Pigmentation; multiple carcinoma and pig- 
mentary dermatosis in Negro boy, 595 

Pilot, I Hemolytic streptococci—their present 
status and their relationship to certain 
clinical entities, 132 

omer gland, metastasizing tumor, 599; 
tion, 

Pituitary Body; histologic changes in anterior 
lobe of human hypophysis following irra- 
diation with roentgen rays, 110 

— in increased intracranial pressure, 
43 


correc- 


neurofibromatosis of sympathetic nerves, spinal 
cord, brain and hypophysis, 129 

of human castrate, 246 

relation between basophilic invasion of neu- 
and hypertensive disorders, 


Plague bacilli, envelope antigen of B. pestis and 
its antibody, 749 


Plaut, A.: Metastasizing tumor of pineal body, 
599 ; ‘correction, 76 
Pleuropneumonia and agalactia colony, 583 
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Pneumococci, action of serum of different anl- 

mals on, 428 

antigen present in pneumococcus and human 
erythrocytes of group A, *874 

antiserum, action of, 445 

cataphoretic time and velocity of, 256 

effects of specific immunization and of acacia 
medium on localization of type I pneumo- 
ecocel in mice, 133 

immunizing substances in, 589 

infections, experimental, vaccination against, 
60 


7 
type-specific agglutinins and antibodies in 
serum of rabbits following inhalation of 
living pneumococci, 260 
vaccines, type I, antibody response of rabbits 
to, 585 
variation in, 253, 582 
Pneumoconiosis and its relation to tuberculosis, 
comparison of development of specific nodule 
of silicosis and of tuberculosis, 244 
experimental fuso-spirochaetal infection in 
guinea-pigs, 581! 
formation and nature of asbestosis bodies, 436 
inhaled silica and its effect on normal and 
tuberculous lungs, 576 
sputum in pulmonary asbestosis, 734 
Pneumonia: See also Pleuropneumonia 
experimental, localization and development of 
lesion in, 7 
experimental type III pneumococcus pneu- 
monia in monkeys, 114 
lipoid, 135 
subacute peribronchiolar, 733 
treatment of type III pneumonia in monkeys 
with enzyme decomposing type III capsular 
polysaccharide, 114 
vaccination against experimental 
coccic infection, 760 
Pneumothorax, rabbit lung after phrenicotomy 
and pneumothorax, 281 
Poisoning: See under names of specific sub- 
stances 
Polayes, 8. H.: 
malaria, 268 
Poliomyelitis: See also Encephalomyelitis 
experimental, alterations in mineral constitu- 
ents of anterior horn cells in, 736 
experimental, chronaxia of, 430 
rate of antibody formation in monkeys immu- 
nized with poliomyelitis virus, 747 
size of virus of poliomyelitis and of St. Louis 
encephalitis, 893 
two atacks at interval of 24 years, 746 
ultrafiltration of virus of, 
Polycythemia vera in generalized osteosclerosis, 


pneumo- 


Blood groups and therapeutic 


Portal Vein; histologic changes in radicles of 
portal vein in cirrhosis of liver, 107 
lymphocytic infiltration of periportal tissue of 
liver, 105 
Postmortems; bacteriologic investigation in 400 
necropsies, 432 
bacteriology, 118 
Potter. D. L.: Rupture of aortic aneurysm into 
pulmonary artery, 282 
Potter, E. L.: Hodgkin’s disease with reference 
to differentiation from other diseases of 
lymph nodes, *139 
Pratt, C. B.: High frequency electric fields and 
roentgen rays; effects on compensatory hy- 
pertrophy of kidney, *502 
Pratt, J. P.: Human corpus luteum, *380, *545 
Precipitation; complexity of antigens in rela- 
tion to zones in precipitation reaction, 896 
Precipitins, development of precipitins for pro- 
tein, lipoid and carbohydrate fractions of 
S and R forms of tubercle bacilli, 896 
precipitinogenic action of human plasma and 
its constituents, 749 
Pregnancy, diagnosis, Friedman test in, 597 
glycosuria of pregnant and lactating women, 


453 
hemoglobinuria and uremia from quinine in, 
452 
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Pregnancy—Continued 
lesions in vascular system in fatal cases of 
chronic nephritic toxemia of pregnancy, 882 
site of formation of gonadotropic substance in 

urine in pregnancy, 732 
urine; diagnosis of choriocarcinoma by de- 
+ ~ eames gonadotropic substance in urine, 


Propylene dichloride ; isolation from human tis- 
sues of easily volatile organic Nquids and 
their identification, *208 

Proteins, chemo-immunological studies on con- 
jugated carbohydrate proteins, 894 

development of precipitins for protein, lipoid 
and carbohydrate fractions of S and R 
forms of tubercle bacilli, 896 

effect of diet rich in protein and of diet con- 
taining urea on compensatory hypertrophy 
of kidneys of rats, *345 

in Blood: See under Blood 

of tubercle bacillus, 751 

relationship between vitamin B and protein, 
fat and carbohydrate of diet, 732 

serological studies on azoproteins, 259 

Protozoa, immune serum against Bodo cauda- 
tus, 262 

Pseudorabies, (infectious, bulbar paralysis: mad 
itch), 115 

Psittacosis among personnel of Hygienic Labo- 
ratory, 57 

in pocket gopher, 582 
virus, developmental forms, 582 

Psychoses: See Mental Diseases 

Puberty: See Adolescence 

Puerperal infection; hemolytic streptococci from 
vagina of febrile and afebrile parturient 
women, 583 

Purpura, carcinoma of stomach with skeletal 
and meningeal metastases associated with 
thrombocytopenic purpura, 757 

hemorrhagica, familial hemorrhagic disease 
simulating, 565 

Pyemia, chronic lympahtic leukemia with pneu- 

mococcic meningitis and ‘“‘pyemia,”’ 274 


Quinine, hemoglobinuria and uremia from qui- 
nine in pregnant woman, 452 


Rabies virus in lung, 742 
virus, intraperitoneal injection of, 430 
Rachitis: See Rickets 
Radiation: See Radium; Roentgen Rays; Ultra- 
violet Rays; and under names of various 
diseases 
hemolysis, colloid state and irradiation, 112 
Radium, sensitivity of bacteria to beta and 
gamma radium rays, 257 
Rat-bite fever, problem of rat-bite hemolysin 
and reagin, 753 
Reagins, problem of rat-bite fever hemolysin 
and reagin, 753 
Recklinghausen’s Disease: See Neurofibromato- 
sis; Osteitis fibrosa 
Rectum, stricture, inguinal lymphogranuloma in 
relation to, *331 
Recurrent Fever: See Relapsing fever 
Registry of tumors of central nervous system, 98 
Reimann, S. P.: Issues at stake in grading of 
tumors, 281 
Relapsing fever in California, 117 
in California: immunity, 442 
Respiratory Tract, immunization of, 586 
propagation of virus of infectious laryngo- 
tracheitis on chorio-allantoic membrane, 891 
Reticulo-Endothelial System: See also Anemia, 
splenic ; Mononucleosis; etc. 
— of bacterial filtrates on endothelium, 


and natural immunity of white mice against 
Bacillus pseudo-anthracis, 445 

—= nonlipoid histiocytosis with necropsy, 
26 


destruction of red cells, 434 
reticulo-endothelial tissue of brain in senile 
psychoses, 104 
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Reticulo-Endothelial System—Continued 
two cases of reticulo-endotheliosis associated 
with clinical aplastic anemia, 886 
Reticulum, tumors and tumor-like conditions of 
lymphocyte, myelocyte, erythrocyte and 
reticulum cell, 128 
Rhabdomyomatosis of heart in Negro, *372 
Rhabdomyosarcoma of spermatic cord, 591 
Rheumatic Fever, acute, dissociation of strepto- 
cocel from, 578 
changes in gasserlan ganglion in, 104 
experimental production of tendinous patches 
of pericardium, 731 
heart disease due to, at 1 year, 575 
hemorrhagic eruption of mouth and throat In 
rheumatic state, 241 
intra-uterine rheumatic heart disease, 243 
latent acute rheumatic carditis as determined 
at autopsy, 738 
relation of thoracic aortic aneurysm in chil- 
dren, 733 
Rheumatism: See also Arthritis 
histologic lesions, 102 
renal localization, 103 
Rhinodymie, anencephalic monster with “‘rhino- 
dymie” and other anomalies, 605 
Rhinoscleroma and carcinoma, 129 
biologic classification of bacillus of rhino- 
scleroma, 579 
Richter, M. N.: 
kemlia, 277 
Rickets, hypervitaminosis D rickets, 731 
hypervitaminosis D rickets: action of vitamin 
, 240 
Rickettsiae and Mooser bodies in Mexican ty- 
phus, 431 
Rift Valley Fever, fatal laboratory infection of, 
254 


Experimental studies on leu- 


immunization of mice against, 750 
Rockwell, A. E. P.: Persistent truncus arterio- 
sus in man aged 36 years, *833 
Rocky Mountain spotted fever, susceptibility of 
mice to, 258 
wood tick, Bacterium tularense in, 251 
Roentgen Rays and high frequency electric 
flelds: effects on compensatory hypertrophy 
of kidney, *502 
histologic changes in anterior lobe of human 
hypophysis following its irradiation with 
roentgen rays, 110 
multiple tumors in tarred and radiated ani- 
mals, 59 
Therapy: See under names of diseases 
Rudnikoff, I.: Modified method for staining 
gram-positive and gram-negative organisms 
in tissue sections, *543; correction, 919 
Rukstinat, G.: Focal calcification of brain and 
dura of hydrocephalic idiot child, *47 
Rule, A. M.: Vaccination against experimental 
pneumococcic infections, 760 
Ryerson, C. 8.: Sickle cell anemia; 2 unusual 
cases with autopsy, 454 ' 


Sachs-Georgi Reaction: See under Syphilis 

Sacrococcygeal chordoma in children, 592 

Sage, R. A.: Stereoscopic photography of patho- 
logic specimens, *684 

Salivary glands, inclusion bodies in, 889 

Salts, local ion effects on tissues and on their 
susceptibility to virus, 744 

Saphir, O.: Anomalies of circle of Willis and 
resulting vascular disturbances of brain, 
607 

Saphir, W.: Experimental color change in fish, 
24 


Sarcoma, adenosarcoma of kidney in white rat, 

68 

amylase in mouse sarcoma, 592 

growth in vitro of normal mouse cells and of 
mouse cancer cells (carcinoma, sarcoma) 
in neutral and immune media (serum 
plasma), 903 

influence of lactic acid and sugars on 
growth of transplanted mouse sarcoma 180, 
590 
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Sarcoma— Continued 
liposarcoma, 594 
lymphosarcoma in bone, 900 
malignant cells of Crocker cysticercus sar- 
coma, 127 
myosarcoma of diaphragm, 283 
of bone (osteoblastoma), 755 
of pancreas, 446 
of spleen, 265 
relationship of internal secretions to malig- 
nant tumors, 590 
Scarlet fever, different toxins produced by scar- 
latinal streptococci, 589 
is there a scarlet fever toxoid, 586 
Schick and Dick reactions and nasopharyngeal 
bacterial flora of Njenzen on Kolgujew Is- 
land, 263 
toxin of scarlet fever streptococcus, 122 
Scarlet red as possible carcinogenic agent, ex- 
perimental study, *83 
Schick Test: See Diphtheria 
Schistosomiasis; certain pathologic aspects of 
schistosomiasis Mansoni, 764 
chronic pulmonary arteritis in schistosomia- 
sis Mansoni associated with hypertrophy of 
right cardiac ventricle, 764 
Schizophrenia: See Dementia praecox 
Schultz cholesterol reaction in suprarenal cor- 
tex, 883 
Scillaren-B, production of abscesses with fusi- 
form bacilli by aid of scillaren-B, 890 
Sclerosis: See Arteriosclerosis 
Scorbutus: See Scurvy 
Scurvy, formation of intercellular substance by 
administration of ascorbie acid (vitamin C) 
in experimental scorbutus, 566 
Seellg, M. G.: Quantitative study of mitochon- 
dria in various grades of squamous cell 
carcinoma, *524 
Scarlet red as possible carcinogenic agent; 
experimental study, *83 
Sepedonium, human infection caused by yeast- 
like organism of genus Sepedonium, 575 
Septicemia ; antigen present in hemorrhagic sep- 
ticemia bacillus and bird erythrocytes, *874 
sepsis with allergic manifestations, 743 
Serodiagnosis: See also under names of re- 
actions, as Kahn Test; etc.; and under 
names of diseases, as Syphilis 
reflection of meteorological influences in 
serum reactions (Wassermann, Kahn and 
others), 913 
Serum: See also Blood 
serologic differentiation between gray and 
white matter of central nervous system, 124 
Sickness: See Anaphylaxis and Allergy 
Sex Hormones: See Hormones 
influence of sexual maturity upon reactivity 
of rabbits to horse serum, 588 
Sheard, C.: High frequency electric flelds and 
roentgen rays; effects on compensatory hy- 
pertrophy of kidney, *502 
Shebesta, E, M.: Effects of artificially induced 
lymphopenia in cancer-resistant and cancer- 
susceptible rats, *66 
Shlevin, E. L.: Influence of dinitrophenol on 
carbohydrate metabolism, 601 
Shwartzman Phenomenon: See Immunity 
Siderosis, experimental, *53 
experimental; iron-containing pigment in ab- 
sence of breakdown of hemoglobin, *61 
Siegel, H.: Isolation from human tissues of 
easily volatile organic liquids and their 
identification, *208 
Sigmoid, gelatinous carcinoma of sigmoid flex- 
ure in 15 year old girl, 758 
Silicosis: See Pneumoconiosis 
Simonds, J. P.: Lesions induced in lungs by 
intravenous injection of tar, *287 
Skin abnormalities; juvenile elastosis, 570 
—,* demonstrate arsenic histologically 
n, 
Calcification: See Calcification 
fetal, elastic tissue in, 243 
ganglioneuroma, multiple, 594 
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Skin—Continued 
grafting; transplanation of carcinoma during 
skin-grafting, 592 
lesions of tuberculin reacting cattle, 252 
melanoma of, with unusual metastasis, 278 
participation of skin lymphatics in repair of 
lesion due to incisions and burns, 569 
sebaceous hyperplasia of skin including se- 
baceous adenoma ; bearing of latter on mul- 
tiple adenomas of liver, 278 
Slye, M.: Tumors of islet tissue with hyper- 
insulinism in dog, *537 
Smallpox, destruction of vaccinia virus by light 
energy and dyes, 4 
vaccination; maternal transmission of vac- 
cinial immunity in swine, 587 
vaccination; study of vaccinal immunity by 
means of complement fixation, 748 
vaccine; cultivation in vitro, 745 


Society TRANSACTIONS: 


Buffalo Pathological Society, 452 
Chicago Pathological Society, 132, 281, 604, 


Los Angeles Pathological Society, 756, 906 

New York Pathological Society, 268, 599, 761 

New York Pathological Society and New York 
Academy of Medicine, Section of Surgery, 


455 
Philadelphia Pathological Society, 274, 759 


Sodium chloride, concentration of, and aggluti- 
nation of stroma of red cells, 12 

Spark, C.: Relation between basophilic inva- 
sion of neurohypophysis and hypertensive 
disorders, *473 

Specimens, pathologic, stereoscopic photography 
of, *684 


Spermatic cord, rhabdomyosarcoma, 591 
Spermatozoa, morphologic studies of sperm pic- 
ture in testicles of bulls in which fertility 
was decreased or lacking, 110 
Spider poisoning (Latrodectus mactans), 567 
Spinal Cord: See also Meninges; Nervous Sys- 
tem; etc. 
ependymoma of filum terminale, 899 
hemangioblastomas, multiple with syringo- 
myelia (Lindau’s disease), 264 
necrosis, progressive, 245 
neurofibromatosis of sympathetic nerves, 
spinal cord, brain and hypophysis, 129 
Spine, chordoma of cranium and cervical por- 
tion of spine, 753 
intervertebral disks; herniation of nucleus 
pulposus; cause of compression of spinal 
cord, 739 
Spirochaeta Pallida, 
serums, 263 
single cell inoculations with Treponema pal- 
lidum, 254 
vital processes in vitro, 433 
Spirochetosis: See also Relapsing fever 
experimental fuso-spirochetal infection in 
guinea-pigs, 581 
involvement of fifth and tenth cranial nerves 
in fuso-spirochetal infections and in carci- 
noma, 435 
production of abscesses with fusiform bacilli 
by aid of scillaren-B, 890 
Spleen, hepatolienal fibrosis, 884 
histologic studies in cases of leukemia, *647 
metastasis of carcinoma to, 127 
sarcoma, 265 
Splenectomy, bartonella incidence in splenec- 
tomized bile fistula dogs, 729 
hemoglobin and bile pigment overproduction 
in splenectomized bile fistula dog, 729 
metabolism of copper and iron in splenecto- 
mized rats free from Bartonella muris in- 
fection, 568 
Splenomegaly, chronic congestive, and its rela- 
tion to Banti’s disease, 565 
eosinophilic leukemia with splenomegaly, 910 
Spotted Fever: See Rocky Mountain spotted 
fever 
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Sputum, Bordet-Gengou and Léwenstein me- 
diums in detecting tubercle bacilli in spu- 
tum, 891 

in pulmonary asbestosis, 734 

Stains and Staining; modified method for stain- 
ing gram-positive and gram-negative or- 
ganisms in tissue sections, *543; correc- 
tion, 919 

staining of processes (flagella) 
erythrocytes, 740 
vital staining of microglia, *656 

Staphylocece’, action of filtrable staphylococcal 

toxin on kidneys of rabbits, 259 
aureus, effect of Staphylococcus aureus toxin 
on kidney, 889 

Staphylolysin: See under Hemolysin 

Status Lymphaticus: See Lymphatism 

Stawsky, H.: Modified method for staining 
gram-positive and gram-negative organisms 
in tissue sections, *543; correction, 919 

Sterility; morphologic studies of sperm picture 
in testicles of bulls in which fertility was 
decreased or lacking, 110 

Stewart, H. L.: Ligation of common bile duct 
in cat, *34 

Morphologic and functional changes asso- 
clated with reestablishment of bile flow in 
cats with experimental obstruction of com- 
mon duct, 759 

Renal changes following biliary obstruction, 
decompression and operation on _ biliary 
tract, *636 

Renal changes in biliary stasis and decom- 
pression in cats, *807 

Stewart, D.: Effect of atherosclerotic 
plaques on diameter of lumen of coronary 
arteries, 133 

Stomach: See also Gastro-Intestinal Tract 

cancer, operability and prognosis, 754 

cancer, with skeletal and meningeal metas- 
tases associated with thrombocytopenic pur- 
pura, 757 

changes in nervous apparatus of stomach in 
chronic gastric ulcer, 

heterotopic intestinal mucosa in stomach, 884 

inflammation ; chronic follicular gastritis, 247 

inflammation; experimental acute morphine 
gastritis, 100 

neurogenic erosions and _ perforations of 
stomach and esophagus, 567 

tuberculosis of stomach and liver, 
form, 743 

Coen, cataphoretic time and velocity of, 

256 


of human 


unusual 


cultural and agglutinative relationships of in- 
testinal streptococci, 890 

dissociation from acute rheumatic fever, 578 

effect of antecedent infection and immuniza- 


tion with streptococci upon reactivity of 
rabbits to horse serum, 588 

epidemicus, differentiation of, 579 

epidemicus, infection with, 746 

fate of avirulent streptococci injected into 
skin of normal and sensitized rabbits, 587 

food poisoning, 890 

hemolytic, from vagina of febrile and afebrile 
parturient women, 583 

hemolytic; present status and relationship to 
certain clinical entities, 132 

in white mice, 744 

mechanism of invasiveness of, 578 

minute hemolytic streptococci, 888 

study of group, 251 

a and group-specific sera against, 


Streptolysins: See Hemolysin 

Striae distensae, hypertrophic, 243 

Strongyloides, experimental studies on human 
and primate species of  strongyloides; 
pathology of strongyloides infection, *769 

Strumia, M. M.: Acute hemohistioblastic 
leukemia, 276 

Subdural Space: See Meninges 

Sugars, influence of lactic acid and sugars on 
growth of transplanted mouse sarcoma 180, 
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Sumatran Mite Fever: See Tsutsugamushi dis- 
ease 
Suprarenal Preparations, bactericidal properties 
of adrenal extracts, 4 
cortin protection against anaphylactic shock 
in guinea-pigs, 747 
Suprarenals, cortical 
mice, 883 
metastatic tumors of adrenals, 590 
Schultz cholesterol reaction in  suprarenal 
cortex, 883 
Surgery, investigations of postoperative acidosis 
and ketonuria, 112 
Sutro, C. J.: Changes in teeth and bone in 
chronic fluoride poisoning, *159 
Sweany, H. C.: So-called alveolar cell cancer 
of lung, *203 
Syphilis: See also under names of diseases and 
organs 
by staining spirochetes in tissue, 


lipoid of suprarenal in 


diagnosis, chemical nature of antigens em- 
ployed in diagnosis of syphilis, 111 
experimental, cytology of blood in, 114 
experimental, in guinea-pig, 429 
experimental transmission to bovine species, 


heat therapy, experimental study of, 429 

meteorological influences in serum reactions 
(Wassermann, Kahn and others), 913 

serodiagnosis; increase of specific sensitive- 
ness of serologic reactions, 125 

single cell inoculations with Treponema 
pallidum, 254 

spontaneous rupture of esophagus in, 735 

Syringomyelia, multiple hemangioblastomas of 

spinal cord with syringomyelia (Lindau’s 
disease), 264 


Talmadge, S. M.: Experimental siderosis ; iron- 
containing pigment in absence of breakdown 
of hemoglobin, *61 
Tar Cancer: See under Cancer 
detection of coal tar and its derivatives in 
lung, 447 
lesions induced in lungs by intravenous Iinjec- 
tion of, *287 
Teeth; changes in teeth and bone in chronic 
fluoride poisoning, *159 
Harvard Committee on Research in Dental 
Medicine, 98 
Tendons, lipoid deposition in, 107 
sheaths, tumors of, 902 
Terplan. K.: Hemoglobinuria and uremia from 
quinine in pregnant woman, 452 
Sickle cell anemia; 2 unusual cases with 
autopsy, 454 
Testicle, antigenic relationship of alcohol-soluble 
fractions of brain and testicle, 894 
Excision: See Castration 
extract, influence on absorption of diphtheria 
antitoxin, 262 
morphologic studies of sperm picture’ in 
testicles of bulls in which fertility was 
decreased or lacking, 110 
undescended (ectopic testis), 894 
Tetanus, active immunization § with 
toxoid, 748 
influence of local inflammation on tetanus 
and other processes, 428 
Thorter-ill; louping ill in man, 114 
Throat, hemorrhagic eruption of mouth and 
throat in rheumatic state, 241 
Thrombosis: See also Embolism 
and pulmonary embolism, 569 
coronary, and atheroma in young diabetic, 
3 
coronary, with perforation of infarcted inter- 
ventricular septum, 244 
sudden death from obstruction of mitral 
orifice by auricular thrombus, 574 
Thymus, autoplastic transplantation of thymus 
of fowl, 904 
effect of thyroxine on, 100 
extract, biologic effects of, 568 


tetanus 


Thymus—Continued 
nucleic acid content, 440 
Status Lymphaticus: See Lymphatism 
Thyroid: See also Goiter, Parathyroid 
functional reactions, 566 
in mental deficiency, 248 
Thyrotoxicosis: See Goiter, exophthalmic 
Thyroxine and tumor growth, 590 
effect on thymus, 100 
Tick; American dog tick, Dermacentor variabilis 
as host of Bacterium tularense, 258 
Tissue: See also Cells 
anaphylactic metabolic reaction of isolated 
tissues, 752 
application to forensic medicine of method of 
preserving unfixed tissue by freezing, 266 
connective; mast cells, 574 
cultures; acid-fast organism leprous 
— in tissue cultures and other mediums, 


cultures, are capillaries formed in 
cultures of leukocytes’ 100 

cultures, changes in hemoglobin in, 111 

cultures, erythropoiesis in, 1 

cultures, fat in cells of, 570 

cultures, toxin of scarlet fever streptococcus, 


tissue 


1 
elastic action of enzymes of malignant tumors 


on, 
factor from normal tissues inhibiting tumor 
growth, 900 
factor increasing tissue permeability in organs 
other than testicle, 569 
fluorescent microscopy of, 106 
growth of decidual tissue in uterine wall fol- 
lowing injury in attempted abortion, 597 
isolation of easily volatile organic liquids and 
their identification, *208 
tumor growth-inhibiting factor from human 
connective tissue, 901 
Tobacco, chemical nature of tobacco mosaic 
virus, 607 
Tongue, black; fatty infiltration of liver 
(“yellow liver’) associated with deficient 
diets, 247 
black; structural changes 
black tongue, 246 
Tonsils ; generalized dissemination of giant cells 
in lymphoid tissue in prodromal stage of 
measles, *819 
lympho-epithelioma of nasopharynx and ton- 


sils, 
Torrance, E. G.: 
275 


in experimental 


Acute monocytic leukemia, 
Toxemia, intoxications and megamononucleosis, 
99 


Toxon: See under Diphtheria 
Trachea, propagation of virus of infectious 
laryngo-tracheitis on chorio-allantoic mem- 
brane, 119 
Trachoma, granular blennorrhea, 432 
Wepeeaaies and sensitization of cornea, 


ies oe L. J.: Arrhenoblastoma of ovary, 


Trauma, as causative factor of malignant 
tumors, 594 
external, in relation to ulcer of stomach and 
duodenum, 737 
modern attitude toward traumatic cancer, *690 
Treponema Pallida: See Spirochaeta Pallida 
Trichinosis, artificial immunization of rats 
against Trichinella spiralis, 585 
effects of vaccines and of bacterial and 
parasitic infections on eosinophilia in 
trichinous animals, 576 
Tricuspid Valve: See under Heart 
Truncus Arteriosus: See Heart, abnormalities 
Trypanosoma, trypanocidal action of normal 
human serum, 584 
trypanocidal power of normal human serum, 
584 


Trypanosomiasis; infection with Trypanosoma 
equiperdum, *505 
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Trypanosomiasis— Continued 
protection of copper against Trypanosoma 
equiperdum in rats, 578 
thermoprecipitation in Trypanosoma equiper- 
dum infection, 746 
Test: See under Cerebrospinal 
u 


Tsutsugamushi disease, experimental Sumatran 

mite fever in guinea-pigs, 581 

Tubercle Bacilli, biologic studies, 577 

Bordet-Gengou and Léwenstein mediums in 
detecting tubercle bacilli in sputum, 891 

chemical studies, 430 

demonstration of acid-fast bacilli in tuber- 
culous filtrates, 116 

development of precipitins for protein, lipoid 
and carbohydrate fractions of S and R 
forms of tubercle bacilli, 896 

free growth period of tubercle bacilli in 
guinea-pig omentum, 888 

histological studies on variability, 892 

in Blood: See Tuberculosis, bacteremia in 

proteins of, 751 

suitability of Herrold’s egg yolk agar 
medium for bovine tubercle bacillus, 116 


Tuberculin: See also Tuberculosis 


effect of viosterol (vitamin D) and tuberculin 
on healing of tuberculous lesions in guinea- 
pigs, 252 

purification of, 749 

sensitivity, evolution of, 262 

a of tuberculin reacting cattle, 
25% 

Tuberculosis: See also Tubercle Bacilli; and 
under names of organs and regions 

accumulation of iron in tuberculous areas, 440 

allergic reactions in tuberculosis and brucel- 
liasis, 751 

and dementia praecox, 751 

antibodies against tubercle bacilli and specific 
therapy against tuberculosis, 442 

antigens and antibodies; rate of response of 
rabbits to 2 antigens of tubercle bacilli, 
895 


BCG; experiments on elevation of virulence 
of BCG, 745 

BCG; experiments with cultures, 893 

BCG; relation of allergy and iesions in 
animals vaccinated with BCG, *673 

bacteremia in; demonstration of tubercle 
bacilli in blood, 745 

bacteremia in; tubercle bacilli in blood of 
rabbits following subcutaneous and intra- 
peritoneal inoculation, 252 

blood glutathione in, 249 

demonstration of acid-fast bacilli in tuber- 
culous filtrates, 116 

effect of viosterol (vitamin D) and tuberculin 
on healing of tuberculous lesions in guinea- 
pigs, 252 

experimental, action of lipoids in, 429 

—— transformation of adipose tissue 
in, 736 

four laws that govern selective hematogenous 
localization of anaphylactogens, 898 

——- and weight of tuberculous children, 


immunity; time interval between primary in- 
fection and superinfection as factor in im- 
munity to tuberculosis, 585 

monocyte-lymphocyte ratio in guinea-pig, 428 

pulmonary, anatomic forms, 102 

pulmonary; comparison of development of 
specific nodule of silicosis and of tuber- 
culosis, 244 

pulmonary; mixed infection in walls of tu- 
berculous cavities in lungs, 744 

pulmonary; regressive lesions of primary tu- 
berculous infection, 251 

reticulum in tubercles in human liver, 434 

Silicosis and its relationship to, 253 

survey of 2,000 food handlers in New York 
City, 253 


Tularemia; American dog tick, Dermacentor 


ee as host of Bacterium tularense, 
58 
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Tularemia—Continued 


Bacterium tularense in Rocky Mountain wood 
tick, 251 

organism from Tunis resembling Bacillus tula- 
rensis, 432 


Tumors: See also Cancer; Sarcoma; etc.; and 


under names of organs and regions 

and tumor-like conditions of lymphocyte, 
myelocyte, erythrocyte and reticulum cell, 
128 


anticancer bodies in animals immune to ho- 
mologous tumour, 90% 

benign, etiology of, *303 

chromaffin cell tumor causing paroxysmal hy- 
pertension, relieved by operation, 

genetic studies on transplantation of tumors, 


grading, issues at stake in, 281 

growth and body temperature, 128 

growth and parasites, 445 

growth and spread of 6 filterable tumors of 
fowl, transmitted by grafts, 904 

growth; factor from normal tissues inhibiting 
tumor growth, 900 

growth of Walker rat tumor in young and 
old animals, 902 

growth-inhibiting factor from human connec- 
tive tissue, 901 

histological studies on filterable tumors of 
fowl, with reference to metastatic growths, 
904 

immunity, 130 

innervation, 447 

metastasis; ovarian metastasis of carcinoma, 
*75 

metastatic, of adrenals, 590 

metastatic, of heart, 589 

mixed tumors of lung, origin of, 129 

organoid mixed tumors, origin of, 130 

osteoplastic, of obscure origin and relation- 
ship, 602 

properties of causative agent of chicken tu- 
mor, 90 

red pigmented tumor (erythrophoroma) in 
flatfish, 128 

registry of tumors of central nervous system, 
98 


relation of olor to incidence of mammary 
tumors in mice, 754 


Turkey, histomoniasis (‘‘blackhead’’ infection) 


in chicken and turkey, 257 


Twins, sporadic cretinism in one of twins, 564 
Typhoid, analysis of agglutinins against Bacil- 


lus typhosus, 126 
bacillus, virulence of, and resistance to O 
antibody, 262 


Typhus, epidemiological significance of Weil- 


Felix reaction in typhus fever, 123 
Mexican, Mooser bodies and rickettsiae in, 
431 


rickettsiae, preservation in cultures, 889 

varieties of typhus virus and epidemiology of 
American form of European typhus fever 
(Brill’s disease), 575 

virus, cultivation of, 431 

virus in rat urine, 431 

virus of Brill’s disease, 577 

virus, passage via digestive tract, 431 

virus, preservation at low temperature, 431 

Weil-Felix reaction, *878 


Udder, dissemination of human pathogenic bac- 
4 


teria through cow’s udder, 60 


Uleers: See Peptic Uleer; and under names 


of organs 


Ultrafiltration, fractional, 597 
Ultraviolet Rays, effect of vitamins and of ul- 


traviolet rays on diphtheritic immunity of 
guinea-pigs, 124 


Undulant fever among students and laboratory 


workers, 433 

histology, 106 

in New York State, 118 

— and occupational, in Colorado, 
v 
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Undulant fever—Continued 
structural changes in Brucella suls infection 
in swine, 433 
survey of workers in packing plants for evi- 
dence of Brucella infection, 580 
Urea, effect of diet rich in protein and of diet 
containing urea on compensatory hyper- 
trophy of kidneys of rats, *345 
Uremia and hemoglobinuria from quinine in 
pregnant woman, 452 
Ureter, compensatory hypertrophy of remaining 
kidney after nephrectomy following trans- 
plantation of ureter into duodenum, *28 
dilatation; squamous cell carcinoma, leuko- 
and concretions in megalo-ureter, 


Urinary tract, calculi associated with parathy- 
roid disease, 249 
Urine, blood group specific properties of, 112 
ketone bodies; investigations of postopera- 
tive acidosis and ketonuria, 112 
sugar; glycosuria of pregnant and lactating 
women, 453 
typhus virus in rat urine, 431 
Uterus, adenocarcinoma in rabbit, 128 
carcinoma of tubes and ovaries secondary to 
carcinoma of body of uterus, 594 
growth of decidual tissue in uterine wall fol- 
lowing injury in attempted abortion, 597 


Vaccine therapy, nasal: immunization of upper 
respiratory tract, 586 

Vaccinia: See Smallpox, vaccination 

Vagina, hemolytic streptococci from vagina of 
febrile and afebrile parturient women, 583 

Varicella: See Chickenpox 

Variola: See Smallpox 

Vein, Portal: See Portal Vein 

Vertebra: See Spine 

Viosterol: See Ergosterol, irradiated 

Virilism, nature of virilizing ovarian tumors, 


44 
Virus, chemical nature of tobacco mosaic virus, 
607 


local ion effects on tissues and on their sus- 
ceptibility to virus, 744 
Viscera, total transposition in siblings; case 
reports, 737 
Vitamins A and cholesterol content of liver in 
man, 249 
A, awards, 881 
A, awards for research in, 881 
A, histologic changes induced by overdosage, 


436 

B, relationship between vitamin B and pro- 
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